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METHODS AND COMPOSITIONS FOR
AXILLARY SHOOT MICROPROPAGATION
OF CANNABIS AND RELATED PLANTS

BACKGROUND

The field of medicinal and recreational use of Cannabis
has grown substantially the last six years with several states
legalizing recreational-use marijuana. Legal sales of canna-
bis are projected to be $30 billion by 2025. (See, Dorbian,
Iris, Forbes, Sep. 24, 2019, “New Cannabis Report Predicts
Legal Sales to Reach Nearly $30 Billion by 2025.”). Public
interest in non-intoxicating medicinal compounds from
hemp, specifically cannabidiols (CBDs), has grown signifi-
cantly in the nutraceutical industry, as well as the pharma-
ceutical industry, with one drug already gaining two FDA
approvals for separate medical indications (EPIDIOLEX®
(cannabidiol), Greenwich Biosciences, CA, US, for the
treatment of seizures associated with Lennox-Gastaut syn-
drome or Dravet syndrome in patients 2 years of age and
older and seizures associated with the rare genetic disease
tuberous sclerosis complex in patients 1 year of age and
older). There are also currently over 250 on-going clinical
trials in the United States focused on the use of cannabidiols
for treatment of various medical indications. (See, clinical-
trials.gov).

Micropropagation is defined as the rapid clonal propaga-
tion of plants from tissues, usually shoot-tips or axillary
buds, cultured aseptically in vessels on defined media under
controlled light and temperature. The current state of the art
in the commercial micropropagation of Cannabis cultivars
in vitro is achieved through node culture using micropropa-
gation techniques, or more infrequently via regeneration
indirectly from callus. (See, Wang et al., Pak J. Bot,
41(2):603-608, 2009; Slusarkiewicz-Jarzina et al., ACTA
Biol. Cracov. Series Botanica, 47/2:145-151, 2005; and Lata
et al., In Vitro Cell. Dev. Biol-Plant, 45:12-19, 2009).
However, node culture is well known in the field to be a
relatively inefficient process. Many commercially valuable
crops are more efficiently produced via shoot culture, the
clonal production of plants via enhanced axillary shoot
proliferation in the presence of plant growth regulators
(PGRs), especially cytokinin, in the culture medium. (See,
Kane, “Propagation by Shoot Culture,” Plant Tissue Culture,
Development and Biotechnology; Trigiano and Gray, Eds;
CRC Press, 2011). Micropropagation via shoot culture is a
more efficient and ideal method of generating more shoots as
compared with node culture and can yield exponential shoot
multiplication.

For Cannabis cultivars there are no known published
methods to date that clearly demonstrate PGR-enhanced
axillary shoot proliferation. This has been a stumbling block
to progress and mass production in the industry for many
years. While a few publications have alleged axillary shoot
formation in Cannabis, these publications have not demon-
strated this achievement over repeated subcultures in vitro,
a key aspect to maintain micropropagation on a continual
basis and critical for efficient commercial application. (See,
Lata et al., J. Appl. Res. Med. Arom. Plants, 3:18-26, 2016;
Richez-Dumanois et al., Argonomie, 6(5):487-495,1986;
Wrébel et al, J Nat. Fibers, DOIL  10.1080/
15440478.2020.1748160, 2020; and Smykalova et al., Plant
Cell, Tissue and Organ Culture, 139:381-394, 2019).

In the field of Cannabaceae micropropagation there exists
a stark knowledge gap that precludes exponential growth of
cultivars in an industrially and/or commercially cost-effec-
tive manner. While many of the usual pathways for micro-
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propagation have been attempted, the results have been
mixed and when hints of success appear they are either not
reproducible across multiple subcultures or between other
species. To form axillary shoots, and to overcome the
production inefficiencies in the Cannabis micropropagation
industry, new methodologies were employed as described
herein. For the first time, successful repeated in vitro sub-
cultures of plants producing axillary shoots was achieved in
Cannabis. These new methodologies include an optional
initial cleansing growth step, followed by shoot formation
on PGR-spiked basal plant medium. Described herein are
new plant culture medium formulations for this purpose as
well as key methodologies integral to promote sustained
axillary shoot micropropagation for the first time in Can-
nabis.

SUMMARY

Described herein are compositions and methods for axil-
lary shoot micropropagation of various Cannabaceae plant
species including Cannabis.

The compositions are intended to be plant media and
comprise a basal plant medium supplemented with certain
quantities of: (i) one or more cytokinins, and (ii) one or more
gibberellins and/or brassinolides. In one embodiment, the
plant media compositions comprise at least one cytokinin
and at least one gibberellin.

The basal plant medium is not particularly limited, and in
various embodiments is selected from one or more of
Murashige and Skoog (MS) media, Driver Kuniyaki Walnut
(DKW) media, Lloyd and McCown Woody plant media
(WPM), Schenk and Hildebrandt media, Gamborgs B-5
media, BABI media, Chu’s N6 media, Quoirin & Lepoivre
media, Litvay media, Hoaglands media, Anderson media,
and Gresshoff & Doy media.

In the described compositions, the supplemented cytoki-
nin is one or more of a cytokinin base, a riboside, and/or a
riboside-5'-monophosphate. In certain embodiments where
the cytokinin is a cytokinin base, the cytokinin base is
selected from at least 6-(3,3-dimethylallylaminopurine,
6-(E)-4-hydroxy-3-methylbut-2-enylaminopurine, 6-(3-hy-
droxybenzylaminopurine, 6-(4-hydroxy-3-methylbutylami-
nopurine,  6-((Z)-4-hydroxy-3-methylbut-2-enylaminopu-
rine, 6-benzylaminopurine, and 6-furfurylaminopurine. In
certain embodiments, where the cytokinin is a riboside, then
the ribose is selected from one or more of 6-(3,3-dimethyl-
allylamino)-9-f-D-ribofuranosylpurine, 6-((E)-4-hydroxy-
3-methylbut-2-enylamino)-9-f-D-ribofuranosylpurine,
6-(3-hydroxybenzylamino)-9-b-D-ribofuranosylpurine,
6-(4-hydroxy-3-methylbutylamino)-9-f-D-ribofuranosylpu-
rine, 6-((Z)-4-hydroxy-3-methylbut-2-enylamino)-9-f3-D-ri-
bofuranosylpurine, 6-benzylamino-9-f-D-ribofuranosylpu-
rine, and 6-furfurylamino-9-f-D-ribofuranosylpurine.
Likewise, in certain embodiments wherein the medium
comprises a riboside-5-phosphate as the cytokinin, the
cytokinin is selected from one or more of 6-(3,3-dimethyl-
allylamino)-9-b-D-ribofuranosylpurine-5'-monophosphate
disodium monohydrate, 6-((E)-4-hydroxy-3-methylbut-2-
enylamino)-9-f-D-ribofuranosylpurine-5'-monophosphate
disodium monohydrate, 6-(3-hydroxybenzylamino)-9-p-D-
ribofuranosylpurine-5'-monophosphate disodium monohy-
drate, 6-(4-hydroxy-3-methylbutylamino)-9-p-D-ribofura-
nosyl purine-5'-monophosphate disodium monohydrate,
6-((Z)-4-hydroxy-3-methylbut-2-enylamino)-9-3-D-ribo-
furanosylpurine-5'-monophosphate disodium monohydrate,
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6-benzylamino-9-f-D-ribofuranosylpurine-5'-monophos-
phate, and 6-furfurylamino-9-f-D-ribofuranosylpurine-5'-
monophosphate.

The plant medium compositions described herein are in
the form of a powder, liquid, solid, or a gel. In various
embodiments, the described compositions are essentially
free of auxins, such as any one or more of indole-3-acetic
acid (IAA), indole-3-butryic-acid (IBA), a-naphthale-
neacetic acid (NAA), and 2,4-dichlorophenoxyacetic acid
(2,4-D).

In some embodiments, the described compositions com-
prise at least one gibberellin. In such embodiments the at
least one gibberellin is one or more of gibberellin Al,
gibberellin A4, gibberellin AS, gibberellin A6, gibberellin
A7, gibberellic acid (GA;), ent-gibberellane, ent-kaurene,
and gibberellin A12. In a particular embodiment, the one or
more gibberellin is gibberellic acid, or GA;. In some
embodiments, the composition comprises one or more cyto-
kinins that are present in amounts of 0.1 uM to 30 uM or
from 1.0 uM to 3.0 uM. In other embodiments, the compo-
sition comprises one or more gibberellins or brassinolides
that are present either individually or in combination in an
amount of 0.1 uM to 30 pM.

In one embodiment, the compositions described herein
comprises at least one brassinolides. In such embodiments,
the at least one brassinolides is one or more of 2.4-epi-
brassinolide, 2,8-homo-brassionolide, and 2,4-epi-castaster-
one.

In certain embodiments the plant media compositions
described herein are supplemented with one or more of:
vitamins, carbohydrates, buffers, amino acids, complex
organic ingredients, salts, and gelling agents. In embodi-
ments where the plant media compositions are supplemented
with one or more vitamins, these are in certain embodiments
selected from one or more of MS, Gamborgs, Erickson, Chu
N6, Schenck & Hildebrandt, Nitsch & Nitsch, Kao &
Michayluk Vitamins, Staba Modified Vitamins, Morel &
Martin, and Morel & Wettmore vitamin formulations.

In embodiments where the compositions are supple-
mented with one or more buffers, the one or more buffers
possess a pH buffering range of about 5.6 to 5.8 and/or a pKa
of'about 6.0 to 6.2. In embodiments of the compositions that
are supplemented with one or more amino acids, these are in
certain instances one or more of alanine, arginine, aspara-
gine, aspartic acid, cysteine, glutamic acid, glutamine, his-
tidine, isoleucine, leucine, lysine, methionine, serine, threo-
nine, tryptophan, tyrosine, and valine.

In embodiments where the compositions are supple-
mented with one or more complex organic nutrients, such
nutrients are one or more of peptone from meat or soy,
coconut water, banana powder, tomato powder, pineapple
powder, activated charcoal, and casein hydrolysate. Like-
wise, when gelling agents are included in the compositions,
such gelling agent are in certain embodiments selected from
one or more of agar, gellan gum, xantham gum, guar gum,
gum arabic, agargellan, and carrageenan.

Also provided herein are methods of stimulating, trigger-
ing, initiating, and otherwise encouraging the exponential
micropropagation in culture of members of the Cannabaceae
plant family. Such methods comprise various active steps,
including: placing an excised shoot tip onto a cleansing
medium, growing the shoot tip on the cleansing medium to
yield an elongated shoot, removing the shoot from the
cleansing medium, aseptically sectioning the shoot into
pieces such that each section comprises at least one node and
optionally at least one petiole, placing the section on growth
medium, growing the section on the growth medium for at
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least about 20 days. In such methods, the cleansing medium
comprises a basal plant medium comprising indetectable
levels of plant growth regulators. Likewise, in such meth-
ods, the growth medium comprises: (i) basal plant medium,
(i) one or more cytokinins, and (iii) one or more gibberellins
and/or brassinolides, as described above. Remarkably, such
methods achieve surprising results wherein the number of
nodes and axillary shoots generated by the nodal section is
more than if the section were grown on basal plant media
alone.

Additional optional steps are also contemplated in certain
embodiments. These additional optional steps include: (a)
germinating a seedling on basal medium and excising a
shoot tip from the germinated seedling, wherein the shoot tip
comprises at least a cotyledon and a shoot apical meristem,
or (b) excising an ex vitro shoot tip from a grown plant in
a vegetative state.

In certain embodiments of the methods described herein,
the germinated shoot tip is grown on cleansing medium for
at least 20 days or until the shoot tip reaches a length of at
least about 1.0 cm, or for at least 30 days. In other embodi-
ments, growing the section on growth medium is performed
for at least 20 days or at least 30 days.

In various embodiments, the seedling to which the
described methods are applied is a Cannabaceae seedling, a
Cannabis seedling, a Humulus seedling, or a Celtis seedling.
In a particular embodiment, the seedling is a Cannabis
sativa L. seedling.

In one embodiment of the described methods, the section
further comprises at least one leaf attached to the at least one
petiole. The methods described herein contemplate placing
the seedling and/or section perpendicularly to the basal
medium with the node at least 0.2 cm above the surface of
the medium, or placing the seedling and/or section parallel
to the basal medium, e.g., layering the seedling or section.

As described above, the present methods achieve remark-
able and surprising results not before achieved in the field of
Cannabaceae micropropagation. Thus, in certain embodi-
ments, the methods described herein include the ability to
subculture the section by repeatedly sectioning and growing
on growth media, optionally wherein this step is repeated
sixteen (or more) times.

In certain embodiments, sectioning the tissue comprises
aseptically clipping the seedling into sections no smaller
than about 1 cm in length, and optionally removing any
leaves from the section. In other embodiments of the meth-
ods described herein, the number of nodes and axillary
shoots generated by the section is two to four times more
than if the section were grown on basal plant media alone.

This summary is provided to introduce a selection of
concepts in a simplified form that are further described
below in the Detailed Description. This summary is not
intended to identify critical or essential features of the
claimed subject matter, nor is it intended to fully limit the
scope of the claimed subject matter described more fully
hereinbelow.

BRIEF DESCRIPTION OF THE
DRAWINGS/FIGURES

For a more precise understanding of the disclosed com-
positions and methods using the same, reference is made to
specific embodiments thereof illustrated in the drawings.
The drawings presented herein are not drawn to scale and
any reference to dimensions in the drawings or the following
description are with reference to specific embodiments. It
will be clear to one of skill in the art that variations of these
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dimensions are possible while still maintaining full func-
tionality for the intended purpose. Such variations are spe-
cifically contemplated and incorporated into this disclosure
notwithstanding the specific embodiments set forth in the
following drawings. Each treatment shown in the figures
were grown under the general experimental conditions
described in Example 1.

FIG. 1A is a diagram depicting a germinated seedling.
FIG. 1B is a diagram depicting a plantlet. These diagrams
highlight various developmental aspects of the plantlet dis-
cussed herein.

FIG. 2A and FIG. 2B depict representative Golden Kush
seedling shoot tips on cleansing medium (DK W) at initiation
at day 0 (FIG. 2A), and after 30 days of growth (FIG. 2B).
As shown in these Figures, after 30 days of growth in the
cleansing medium, apical dominance is reduced compared
to seed germination where nodal segments were not elon-
gated, i.e., the only leaves formed are from the cotyledons at
the top of the stem.

FIG. 3A and FIG. 3B show representative Golden Kush
nodal segments grown on DKWzrg medium at day 0 (FIG.
3A) and after 32 days (FIG. 3B) in which axillary shoot
formation is evident. The nodes used to start the culture were
obtained from the subculture of seedling shoot tips grown on
cleansing medium (DKW without PGRs) shown in FIG. 2B.

FIG. 4A and FIG. 4B depict representative Golden Kush
nodes grown in DKW medium at day 0 (FIG. 4A) and after
32 days of growth (FIG. 4B). The nodes used to start the
culture were from the subculture of seeding shoot tips grown
on cleansing medium (DKW without PGRs), as shown in
FIG. 2B. It is noted that no axillary shoots are shown and
that the total height of the plantlet is further reduced from the
prior subculture shown in FIG. 2B.

FIG. 5A and FIG. 5B are bar graphs of weighted average
efficiency (wavgE[%]) of nodes forming axillary shoots
from Golden Kush in (FIG. 5A) DKW, and DKWzrg
medium and (FIG. 5B) MS and MSzrg medium. An
increased average efficiency of axillary shoot formation
greater in media containing tZR and GA; was observed. The
depicted error bars are plus and minus one weighted average
standard deviation.

FIG. 6A and FIG. 6B show node formation during the
PGR induction step. FIG. 6 A shows the nodes produced on:
Nbasal=DKW, Nc=DKWzr, Ng=DKWg, and
Ne+g=DKWzrg with a solid black bar. FIG. 6B shows the
net nodes formed from the summation (Nsum) of nodes
formed with each component individually, and from the
mixture (Nmix).

FIG. 7A and FIG. 7B depict representative Golden Kush
nodes showing axillary shoots grown in DKWzrg medium
through four subcultures at day O (FIG. 7A) and after 31
days of growth (FIG. 7B).

FIG. 8 is a representative Sundae Cake node grown in
DKWzrg medium after 13 days and showing axillary shoot
formation.

FIG. 9A and FIG. 9B show a representative Golden Kush
node grown in DKWiprg medium at day 0 (FIG. 9A) and
after 32 days of growth (FIG. 9B), yielding an axillary shoot
in DKWiprg medium following subculture after a single
node was cut from a grown seeding shoot tip initiated on
cleansing medium (DKW with no PGR).

FIG. 10A and FIG. 10B show a representative Golden
Kush node grown in DKWdhzrg medium that has formed
axillary shoots through two subcultures at day 0 (FIG. 10A)
and after 30 days of growth (FIG. 10B). This plantlet
produced an axillary shoot in DKWdhzrg medium following
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subculture after a single node was cut from a seeding shoot
tip grown on cleansing DKW medium (FIG. 2B).

FIG. 11 A and FIG. 11B show representative Golden Kush
nodes at day 0 (FIG. 11A) and after 32 days (FIG. 11B)
yielding axillary shoots in DKWzrepi medium following
subculture from single nodes cut from elongated seeding
shoot tips initiated on DKW medium.

FIG. 12A and FIG. 12B depict a representative Golden
Kush node at day 0 (FIG. 12A) and after 32 days of growth
(FIG. 12B) producing an axillary shoot from a node in
DKWtzg medium following subculture from a single node
cut from an elongated seeding shoot tip initiated on DKW
medium.

FIG. 13A and FIG. 13B show Golden Kush nodes yield-
ing multiple axillary shoots from a single node in
DKW2z7r2g medium following subculture of seeding shoot
tips initiated on DKW medium at day 0 (FIG. 13A) and after
27 days of growth (FIG. 13B). Approximately 5 axillary
shoots per node was produced on this medium.

FIG. 14A and FIG. 14B show a representative Golden
Kush node that produced no axillary shoots when initiated
directly onto DKWzrg medium without initial culture on
cleansing medium at day O (FIG. 14A) and after 31 days of
growth (FIG. 14B). This illustrates the necessity for the
cleansing step in forming axillary shoots.

FIG. 15A, FIG. 15B, and FIG. 15C show a representative
Golden Kush phenotype nodes denoted as A9 successively
grown on DKW medium for each subculture for a germi-
nated seedling after 19 days (FIG. 15A), a seedling shoot tip
after 31 days (FIG. 15B), and a node section from the
previous seedling shoot tip after 32 days (FIG. 15C). A
reduced overall plant height from the seedling phenotype
A9, its seedling shoot tip, and node sectioned from its
elongated seedling shoot tip, are noted in this experiment.

FIG. 16A and FIG. 16B show a representative Golden
Kush nodal section at day 0 (FIG. 16A) and after 28 days,
(FIG. 16B) vyielding axillary shoots in DKWnh-brg47
medium following subculture from a single node cut from a
grown seeding shoot tip initiated on DKWnh medium.

FIG. 17A and FIG. 17B show a representative Golden
Kush node at day 0 (FIG. 17A) and after 28 days of growth
(FIG. 17B) yielding axillary shoots in DKWnh-mtr28hb
medium following subculture from a single node cut from an
elongated seeding shoot tip initiated on DKWnh medium.

FIG. 18 depicts a representative Mandarin Cookies node
grown in DKWnhzrg medium after 13 days of culture and
showing axillary shoot formation.

FIG. 19A and FIG. 19B show a representative Golden
Kush nodal section at day 0 (FIG. 19A) and after 28 days of
growth (FIG. 19B) yielding axillary shoots in DKWnh-
mtr28hb medium following subculture from a single node
cut from a grown seeding shoot tip initiated on DKWnh
medium.

FIG. 20A and FIG. 20B show nodes of White Shark No.
3 at day O (FIG. 20A) and after 28 days (FIG. 20B) form
axillary shoots after this tissue had been sub-cultured 6 times
on DKW1zrlg medium after the initial cleansing step.

FIG. 21A and FIG. 21B show a representative Golden
Kush node at day O (FIG. 21A) and after 19 days, (FIG. 21B)
yielding axillary shoots in DKW1zrlg medium. This tissue
had been previously sub-cultured 16 times on PGR contain-
ing media after the initial cleansing step.

DETAILED DESCRIPTION
Definitions

The term “a” or “an” entity as used herein refers to one or
more of that entity; for example, “a cell,” is understood to
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represent one or more cells. As such, the terms “a” (or “an”),
“one or more,” and “at least one” are herein used inter-
changeably herein.

Furthermore, “and/or” where used herein is to be taken as
specific disclosure of each of the two specified features or
components with or without the other. Thus, the term
“and/or” as used in a phrase such as “A and/or B” herein is
intended to include “A and B,” “A or B,” “A” (alone), and
“B” (alone). Likewise, the term “and/or” as used in a phrase
such as “A, B, and/or C” is intended to encompass each of
the following embodiments: A, B, and C; A, B, or C; A or
C; AorB; Bor C; Aand C; A and B; B and C; A (alone);
B (alone); and C (alone).

As used herein, the term “about” or “approximately”
refers to a variation of 10% from the indicated values (e.g.,
50%, 45%, 40%, etc.), or in case of a range of values, means
a 5% to 10% variation from both the lower and upper limits
of such ranges. For instance, “about 50% refers to a range
of between 45% and 55%. In a specific embodiment,
“about” indicates a 5% variation from the indicated value.

Unless defined otherwise, technical and scientific terms
used herein have the same meaning as commonly under-
stood by one of ordinary skill in the art to which this
disclosure is related. For example, Plant Propagation by
Tissue Culture: Vol. 1 The Background, George, Hall, and
De Klerk 3rd ed., 2008 Springer Press; The Concise Dic-
tionary of Biomedicine and Molecular Biology, Juo, Pei-
Show, 2nd ed., 2002, CRC Press; The Dictionary of Cell and
Molecular Biology, 3rd ed., 1999, Academic Press; and the
Oxford Dictionary Of Biochemistry And Molecular Biology,
Revised, 2000, Oxford University Press, provide one of skill
with a general dictionary of many of the terms used in this
disclosure.

Units, prefixes, and symbols are denoted in their Systéme
International de Unites (SI) accepted form. Numeric ranges
are inclusive of the numbers defining the range. Unless
otherwise indicated, amino acid sequences are written left to
right in amino to carboxy orientation. The headings provided
herein are not limitations of the various aspects or aspects of
the disclosure, which can be had by reference to the speci-
fication as a whole. Accordingly, the terms defined imme-
diately below are more fully defined by reference to the
specification in its entirety.

The term “cytokinin” as used herein means a class of plant
growth regulator (PGR) or hormone or phytohormone that
promotes cell division and disrupts apical dominance. Cyto-
kinins include adenine-type cytokinins (such as, for
example, kinetin, zeatin, and 6-benzylaminopurine) and
phenylurea-type cytokinins (such as, for example, dipheny-
lurea and thidiazuron). Cytokinins are generally described as
a nucleobase adduct optionally attached to a ribose mol-
ecule, and optionally also including a phosphate molecule.
Thus, the cytokinin includes at least a nucleobase, optionally
attached to a ribose molecule and/or a phosphate molecule.

The term “gibberellin” as used herein contemplates any
and all known chemical structures of the gibberellin family
including intermediates such as ent-kaurene. Gibberellins
are known diterpenoid plant hormones that regulate devel-
opmental processes in plants including stem internodal
elongation, breaking seed and axillary bud dormancy, flow-
ering, flower development, and the like. The most com-
monly known gibberellin is gibberellic acid, or GA;. Gib-
berellins are generally named “GA,” through “GA,” in their
order of discovery. There are currently over 130 known
gibberellins. (See, Mander Nat. Prod. Rep., 20:49-69, 2003).
The known bioactive gibberellins are at least GA,, GA;,
GA,, GA,, and GA,,. Gibberellic acid has the chemical
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structure (35,3a8,4S,4aS,7S,9aR ,9bR,128)-7,12-Dihy-
droxy-3-methyl-6-methylene-2-oxoperhydro-4a,7-
methano-9b,3-propenoazuleno  [1,2-b|furan-4-carboxylic
acid, represented as follows:

The term “brassinolide” or alternatively “brassinosteroid”
or “BR” as used herein contemplates and encompasses all
known brassinolides. Brassinolides are a structurally-related
family of polyhydroxylated steroidal phytohormones found
in plants. Brassinolide itself has the chemical structure:
(22R,23R)-2a1,301,22,23-tetrahydroxy-6,7-seco-5a-campes-
tano-6,7-lactone, represented as follows:

HOy,

HO\“““

¢}

(See, Grove et al., Nature, 281:216-217, 1979). Others in
this family of compounds are classified as C,,, C,5 or C,q
based on different alkyl-substitution patterns of the side
chains. Over 70 different brassinolide analogs have been
reported, isolated from plant tissues of various plant species.

Use of the term “seedling” herein means generated from
a plant embryo developing from a seed and comprising a
radicle (embryonic root), a hypocotyl (embryonic shoot),
and a cotyledon (seed leaves). (See, FIG. 1A).

The term “axillary shoot” as used herein is a shoot or
branch that originates from the axil of a leaf or from an
axillary bud. (See, FIG. 1B). This term is used interchange-
ably herein with the term “lateral shoot” and “side shoot.” A
shoot is a plant part that includes the stem (including
appendages), the leaves and lateral bud or flower or flower
buds.

The term “axillary bud” as used herein means a plant bud
that develops at the axil of a leaf of a plant. This is also
sometimes called a lateral bud. Axillary buds develop from
nodes which then form axillary shoots. (See, FIG. 1B).

The term “node” as used herein means the point of
attachment of a leaf or a twig on a plant stem. (See, FIG.
1B). Nodes contain one or more leaves, as well as axillary
buds which can grow into branches.

A “shoot apical meristem” as contemplated herein is a
plant organ at the apical end of the embryonic axis which
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contains pluripotent stem cells that are responsible for the
differentiation and growth of the majority of aerial plant
organs. (See, FIG. 1A).

The “cotyledon” is a part of a plant embryo within the
seed and is typically defined as an embryonic leaf that first
appears in a germinated seed (See, FIG. 1A).

The term “shoot tip” as used herein means the end tip of
a stem which includes the shoot apical meristem and
includes developing leaves. (See, FIG. 1B).

A “petiole” is a stalk that supports a leaf blade and
attaches the leaf bladed to the stem. (See, FIG. 1B).

The term “basal medium” or “base medium,” as used
herein means mineral salt nutrients (for examples see Tables
1 and 2, below).

The terms “propagation” means the process by which new
plants are clonally propagated from various source plant
material, such as seeds, cuttings, and the like. Micropropa-
gation often refers to exponential multiplication of stock
plant material to produce many progenies and is one method
of plant tissue culture. Culturing for propagation of plants
can include, for instance, meristem-tip culture, callus cul-
ture, suspension culture, embryo culture, and protoplast
culture. The term “micropropagation” as used herein gen-
erally indicates similar processes executed in vitro.
Micropropagation of Cannabis

The Cannabaceae family is a family of flowering, dicoty-
ledonous plants comprised of eleven genera, with the two
most well-known being Humulus and Cannabis. Today this
family comprises approximately 117 distinct species and
they are of great commercial importance. (See, Zhang et al.,
Plant Diversity, 40:127-137, 2018). A third genus of Can-
nabaceae, called Celtis, comprises by far the largest genus
comprising some 100 species. Cannabis sativa is one of the
most well-known species in this family. Varieties with high
tetrahydrocannabinol (THC) concentrations are typically the
source of the dried flower used in the production of mari-
juana, while other varieties, such as hemp (or “industrial
hemp,” comprising varieties of Cannabis typically culti-
vated for non-drug use), possess low THC concentrations
(typically less than 0.3% THC by dry weight) and have been
used extensively for fiber and oilseed production for more
than 1000 years. (See, Small, “Classification of Cannabis
sativa L. in Relation to Agricultural, Biotechnological,
Medical and Recreational Utilization Cannabis sativa and
species in particular,” Cannabis sativa L.—Botany and
Biotechnology; Chandra et al., Eds., Springer Nature, 2017).
CBD is a secondary metabolite produced in Cannabis sativa
plants and its commercial production represents a burgeon-
ing industry that has current FDA-approved therapies. How-
ever, the commercial production of Cannabis has experi-
enced setbacks and challenges due to contamination that
have forced recalls of products and lost revenue.

Hops (Humulus lupulus) is also in the Cannabaceae
family and widely used as an additive in beer manufacturing
to provide a sharp taste. Other close phylogenetically-related
species in the Rosales order include Peach (Prunus persica)
and Strawberry (Fragaria virginiana) and are agronomically
important edible fruits. (Vergara et al., Mitochondrial DNA
Part A: DNA Mapping, Sequencing, and Analysis, 27:3793-
3794, 2015).

Commercial micropropagation through plant tissue cul-
ture allows cultivators to start production with tissue that has
been decontaminated and/or also disease eradicated. The
current state of the art in the commercial micropropagation
of Cannabis cultivars in vitro is achieved through node
culture, or more infrequently via regeneration indirectly
from callus. (See, Wang et al., Pak. J. Bot., 41(2):603-608,
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2009; Slusarkiewicz-Jarzina et al., ACTA Biol. Cracov.
Series Botanica, 47/2:145-151, 2005; and Lata et al., In Vitro
Cell. Dev. Biol.-Plant, 45:12-19, 2009). Node culture is
defined as propagation of plants through production of
unbranched elongated shoots from cultures of shoot tips or
axillary buds. (See, Galan-Avila et al., Front. Plant Sci.,
11:645, 2020; and Grulichova et al., Conference: MendelNet
2017—Proceedings of 24th International PhD Students
Conference (ISBN 978-80-7509-529-9), At: Mendel Uni-
versity in Brno, Czech Republic, Volume: 24, Nov. 8-9,
2017). Callus resembles organized, lateral root primordial
tissue based on gene expression of root cell markers (Sug-
imoto et al. Dev. Cell 18:463-471, 2010). Regeneration of
shoots indirectly from callus requires: (1) the induction of
callus with plant growth regulator(s), e.g., 3,6-dichloro-o-
anisic acid (dicamba), 2,4-dichlorophenoxyacetic acid (2,4-
D), and/or thidiazuron (TDZ), and (2) application of growth
regulators, i.e., cytokinins with or without auxin, on the
callus to produce shoots.

Node culture is well known in the field to be a relatively
inefficient process. Many commercially valuable crops are
more efficiently produced via shoot culture, the clonal
production of plants via enhanced axillary shoot prolifera-
tion in the presence of plant growth regulators (PGRs),
especially cytokinin, in the culture medium. (See, Kane,
“Propagation by Shoot Culture,” Plant Tissue Culture,
Development and Biotechnology; Trigiano and Gray, Eds;
CRC Press, 2011). Micropropagation via shoot culture is a
more efficient and ideal method of generating more shoots as
compared with node culture and can yield exponential shoot
multiplication.

However, for Cannabis cultivars there are no known
published methods to date that clearly demonstrate sustained
PGR-enhanced axillary shoot proliferation. This has been a
stumbling block to progress in developing efficient mass
production methods in the industry for many years. While a
few publications have alleged axillary shoot formation in
Cannabis, these publications have not demonstrated this
achievement over repeated subcultures, a key aspect to
maintain micropropagation on a continual basis and is
critical for commercial application. (See, Lata et al., J. Appl.
Res. Med. Arora. Plants, 3:18-26, 2016; Richez-Dumanois
et al., Argonomie, 6(5):487-495,1986; Wrobel et al., J. Nat.
Fibers, DOL 10.1080/15440478.2020.1748160, 2020; and
Smykalova et al., Plant Cell, Tissue and Organ Culture,
139:381-394, 2019). Additionally, plant tissues represented
photographically from the few published reports on the
subject often possess readily identifiable morphogenic
abnormalities, and/or short shoots and often cease growth
after a few subcultures. Methods involving regeneration of
plants indirectly from callus are often not pursued in com-
mercial-scale micropropagation because genomic and epi-
genetic instability is known to occur when regenerating
shoots from callus. (See, Betekhtin et al., PLoS ONE,
12(3):e0173537, 2017; and Tanurdzic et al., PLoS Biol.,
6(12):¢302, 2008).

Cannabis plantlet regeneration has also been shown not to
occur after inducing callus in two studies. (See, Feeney et
al., In Vitro Cell. Dev. Biol.-Plant, 39:578-585, 2003; and
Monthony et al., bioRxiv, 2020.06.23.167478, 2020). For
instance, experiments described in Monthony et al. show
that thidiazuron (TDZ) incorporated into Driver and
Kuniyuki Walnut (DKW, see Driver et al., HortScience,
19:507-509, 1984) nutrient basal medium does not promote
Cannabis leaf explants to form adventitious shoots follow-
ing initiation onto media with TDZ as has been asserted by
other publications. (See, Wang et al., 2009; Slusarkiewicz-
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Jarzina et al.; and Lata et al., 2009). TDZ is a cytokinin
oxidase inhibitor and is known to affect cytokinin metabo-
lism by limiting the degradation of endogenous cytokinin
and thus causing an accumulation of these hormones. (See,
Mok et al., Annu. Rev. Plant Physiol. Plant Mol. Biol.,
52:89-118, 2001). Applications of high cytokinin concen-
trations to cultured tissue has been widely reported to induce
callus in many plant species since the seminal study of
Skoog and Miller, 1957. (See, Skoog et al., Symp. Soc. Exp.
Biol., 11:118-30, 1957). It has been known for 25 years that
prolonged exposure to TDZ should be avoided due to its
potential negative impact on plant growth, including gen-
eration of morphogenic abnormalities and hyperhydricity.
(See, Lu, Cy, In Vitro Cell. Dev. Biol.-Plant, 29:92-96,
1993). These morphogenic abnormalities triggered by pro-
longed exposure in culture make reliable commercial micro-
propagation very challenging over repeated subculture.

Cannabis sp. are naturally apically dominant, most nota-
bly in seedlings (Smykalova et al., 2019). It has been well
established that apical dominance in plants is known to
inhibit axillary bud development through auxins. (See, Thi-
mann et al. Proc. Roy. Soc. B. 114(789):317-339, 1934).
Axillary bud development is necessary to form axillary
shoots. More recent evidence suggests the primary repressor
of axillary bud development occurs through auxin-depen-
dent biosynthesis of strigolactones. (See, Brewer et al., Plant
Physiol. 150:482-493, 2009). Strigolactones are carotenoid-
derived terpenoids and were recently shown to inhibit axil-
lary shoots as well. (See, Gomez-Roldan et al., Nature,
455:189-195, 2008; and Umehara et al., Nature, 455:195-
201, 2008). More than a hundred other terpenes are known
to exist in Cannabis. (See, Andre et al., Front. Plant Sci.,
7:19, 2016). The apical dominance of Cannabis suggests
that endogenous auxin and strigolactone concentrations
could be high enough to inhibit axillary bud formation, and
axillary shot formation. Though the physiology of plants is
tightly regulated with regards to the transport of molecules
in and out of the plant, the dilution of endogenous hormones,
e.g., auxins and strigolactones, based on mass-transfer, i.e.,
concentration-dependent transport of hormones from plants
into cell culture media, was inferred to reduce apical domi-
nance and promote axillary bud development. Provided
herein is evidence that this phenomenon is accomplished
through placing shoot tips from germinated seedlings or ex
vitro plants on a basal medium without plant growth regu-
lators (PGR) for some defined period of time. This was
discovered to be a key step in forming axillary shoots in
Cannabis.

Additionally, it is known that following development of
axillary buds, the buds cease growth and become dormant.
(See, Shimizu-Sato et al., Plant Mol. Biol., 69:429-435,
2009). Axillary bud dormancy must be broken to allow the
outgrowth of axillary shoots, and this is known to occur
through the application of cytokinin (Sachs et al., Amer. J.
Bot., 54:136-144, 1967), or more recently through gibber-
ellic acid (GA,;). (See, Schneider et al., Front. Plant Sci.,
10:1296, 2019, doi: 10.3389/{pls.2019.01296). The effect of
gibberellic acid (GA;) on the promotion of axillary shoot
growth is variable across diverse plant species and in some
instances causes axillary shoot growth inhibition. (See, Ni et
al., Plant Cell Physiol., 56(8):1655-1666, 2015; Hong-jiu et
al., J. Integ. Agric., 19(4):1044-1054, 2020; Sahoo et al.,
Plant Cell Reports, 18:301-307, 1998; Lo et al., Plant Cell.,
20:2603-2618, 2008; and Martinez-Bello et al., J. Exp. Bot.,
66(19):5897-5910, 2015). The exact mechanism of gibber-
ellin inhibition or promotion of axillary shoot growth is
currently unknown. (See, Schneider et al., 2019). This could
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be related to emerging evidence of the cross-talk between
strigolactones and gibberellins. (See, Ito et al., Plant
Physiol., 174:1250-1259, 2017; and Zou et al., J. Plant
Physiol., 237:72-79, 2019). Further, gibberellins and cyto-
kinins are antagonistic in many developmental processes in
plants. (See, Zubo et al., Plants, 9:166; doi:10.3390/
plants9020166, 2020). The complex interactions observed
between strigolactones, gibberellins, and cytokinins may
explain the paucity of reports concerning the use of cytoki-
nin-bases, -ribosides, or -riboside 5' monophosphates in
combination with gibberellins or brassinolides in Cannabis
or related species.

As described above, there exists in the field of Canna-
baceae micropropagation a stark knowledge gap that pre-
cludes development of exponential multiplication of culti-
vars in a commercially cost-effective manner. While many
of the usual pathways for micropropagation have been tried,
the results have been very mixed and when hints of success
appear they are either not reproducible across multiple
subcultures or across other species.

To date there has been no published evidence of the use
of a cytokinin, such as trans-zeatin riboside (tZR), in com-
bination with a gibberellin, such as gibberellic acid (GA,),
and/or a brassinolide, added to a base plant medium for the
purpose of micropropagation of any Cannabis, or likely any
member of the Cannabaceae family. The three known
instances of the combined use of tZR and GA; to supplement
a plant base medium anywhere in the entire field of plant
science are found only in the context of regenerating plant
tissue from some state, e.g., genetic modification, cryo-
preservation, and to recover to normal growth. That is to say,
such a combination has not been used for production in
commercial micropropagation.

For instance, the PGR combination of tZR and GA; was
reported in a regeneration medium that included an auxin
(indole-3-acetic acid, IAA) used for the purpose of soybean
transformation. (See, Olhoft et al., Biotech in Ag. and For.,
61: Transgenic Crops VI, 2007). This instance of the supple-
mentation of basal media with a cytokinin and a gibberellin
is quite distinguishable from the presently described com-
positions and methods because the Olhoft et al. application:
(1) included auxin in the medium, which could in other
instances counter the ability of tZR and GA, to form axillary
shoots, and (2) had no cleansing step involving the growth
of seedlings in media without PGRs prior to exposure to
PGRs to reduce apical dominance, which appears to be
important in the triggering of formation of axillary shoots in
Cannabis, (3) shoots generated after growth in this media
were not used for further multiplication, rather, they were
rooted after exposure to the PGR combination, and (4) the
Olhoft et al. medium was used strictly for the regeneration
of genetically-modified soybean via Agrobacterium trans-
formation.

Two additional past accounts have been published con-
cerning use of tZR and GA; in the specific context of
cryopreservation in a potato regeneration medium. (See,
Senula et al., “Cryopreservation and Freeze-Drying Proto-
cols,” 4th Ed., Methods in Molecular Biology, 2180; and
Wolkers et al., Eds. Springer, Nature, 2020) and a red
raspberry regeneration medium (Ukhatova et al., In Vitro
Cell. Dev. Biol.-Plant, 53:394-401) post-cryopreservation
also with the auxin, IAA, and grown in the dark for 7 days
in each method. These instances are also quite distinguish-
able from the present compositions and methods since: (1)
auxins were incorporated in their media, (2) growth was
conducted under dark conditions that would prevent positive
phototropism in culture, which is necessary for direct shoot
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growth and obtain shoot height in culture for more nodes,
and (3) the end goal of these instances was for recovery of
plant tissue that was frozen in liquid nitrogen.

None of these approaches or medium compositions have
been reported to be successful in the reliable micropropa-
gation of Cannabaceae plants. Thus, more approaches are
needed to address this urgent need in the field. Fortunately,
through continued research and development efforts, a spe-
cific combination of chemical nutrients, growth regulators,
and the like have been formulated herein that markedly and
surprisingly supports robust and repeated axillary shoot
micropropagation. These compositions and the methods
described herein result in upwards of 4-fold increases in
axillary shoot generation as compared with other standard
basal plant growth media under similar conditions.
Compositions for Axillary Shoot Micropropagation

The compositions described herein therefore begin with a
base or standard plant medium. This base is supplemented
with: (i) one or more cytokinins, and (ii) one or more
gibberellins and/or brassinolides. Each of these components
are described below. The amounts of each component vary
depending on intended growth conditions specific for each
individual species.

The base medium into which the components (i) and (ii),
above, are added is defined herein based on: (1) art-recog-
nized medium of historical importance defined by past
publications, etc., and (2) select components that when
combined create a base medium. Both definitions of base
medium are contemplated herein and in general the base
medium is not particularly limited other than described
below.

Optionally, the base medium also comprises various addi-
tives such as vitamins, carbohydrates, buffers, amino acids,
complex organic ingredients, salts, and gelling agents.
Base Media: Standard Published Base Media

Plant biology comprises a long and rich history of plant
micropropagation efforts that have led to the establishment
of art-recognized standard basal media. These media are
well known in the field by standard art-recognized termi-
nology and nomenclature. Thus, the base medium incorpo-
rated as an initial component into the compositions
described herein is not particularly limited.

In some specific instances, it is desirable to eliminate
most, if not all, auxins from the compositions described
herein. For reasons expressed above, auxins can in some
instances inhibit the desired growth of axillary shoots. Thus,
in a specific embodiment of the compositions described
herein, the compositions herein comprise zero concentra-
tion, or no detectable concentration, of auxins. In certain
embodiments there is no detectable concentration of auxins
present at any time throughout the described methods and
compositions.

For instance, the base media useful in the described
compositions include, but is not necessarily limited to,
Murashige and Skoog (MS) medium (Murashige et al.,
Physiol. Plant., 15:473-497, 1962), Driver Kuniyaki Walnut
(DKW) medium (Driver et al., HortScience, 19:507-509,
1984), Lloyd and McCown Woody plant medium (WPM,
Lloyd et al., Proc. Int. Plant Prop. Soc., 30:421-427, 1981),
Schenk and Hildebrandt medium (Schenk et al., Can. J. Bot.,
50:199-204, 1972), Gamborgs B-5 medium (Gamborg et al.,
Exp. Cell Res., 50:151-158, 1968), BABI medium (Green-
way et al., In Vitro Cell. Dev. Biol.-Plant 48:403-410, 2012),
Chu’s N6 medium (Chu et al., Scientia Sinic., 18:659-668,
1975), Quoirin & Lepoivre medium (Quoirin et al., Acta.
Hort., 78:437-442,1977), Litvay medium (Litvay et al., Inst.
Paper Chemistry, IPC Tech Paper Ser No 115, Appleton,
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WI1.), Hoaglands medium (Hoagland et al., California Agr.
Exp. Sta. Berkley. Circular, 347, 1950), Anderson medium
(Anderson, Acta Hort., 112:13-20, 1980), and Gresshoff &
Doy medium (Gresshoff et al., Z. Pflanzenphysiol., 73:132-
141, 1974). As noted already, these standard plant base
media are well known in the art and described in numerous
publications. Generally, these standard media are commer-
cially available from numerous sources throughout the
world. In some instances, the base media mentioned herein
are commercially available at least from PhytoTech Labs,
Inc. of Lenexa, KS, US.

These base media may be altered by known means and in
known quantities. For instance, it is well known to utilize,
for example, ¥2x MS media in growth experiments. The
nomenclature accepted in the industry is that “Y2x” means
“half strength” or in other words the %2x media comprises
only 50% of the ingredients found in the standard, published
base plant media so indicated. Likewise, it is quite common
to express variations such as “2x MS” and the like, with such
expressing having the converse meaning. All such known
variations of these base media are contemplated herein and
are useful as a beginning base media from which the specific
compositions described herein are created.

Certain species of plants of Cannabaceae may grow more
robustly on certain described base media above than other
base media. Thus, some minor modifications of described
protocols may be required to establish a solid performing
base medium from which to begin the composition. For
example, in the case of Cannabis, it is known that at least
DKW is a good base medium to include in the compositions
described herein.

In one embodiment, the base medium is DKW. In another
embodiment, the base medium is MS. In a certain embodi-
ment, the base medium is “NuPS” which is known as
containing a base of MS medium plus 2x phosphate, Gam-
borg’s vitamins supplement, 30 g/IL sucrose, and 7 g/LL agar.
Gamborg’s vitamins, described in further detail below, is a
standard medium supplement used throughout the industry
in plant micropropagation and was described by Gamborg et
al. in 1968. (See, Gamborg et al., Exp. Cell Res., 50:151-158,
1968). Additional media variations are explained in more
detail, below.

Base Media: Basic Components

The base media contemplated herein also is definable
based on basic individual components that, when combined
in the indicated quantities, create a suitable basal medium.
The components listed in Table 1, below, are combined in a
manner similar to those present in the known media
described above. “EDTA” in Table 1 means ethylenediamine
tetraacetic acid. “FeEDDHA” in Table 1 means iron ethyl-
enediamine-N,N'-bis(2-hydroxyphenylacetic) acid.

TABLE 1
Minimum Maximum
Concentration Concentration

Ton [mM] [mM]
NH* 1.00 25
NO*~ 1.00 40
K* 1.00 40
Ca?* 0.10 10
crr 1.0 x 107 10
Mg2+ 0.10 10
S04@0 0.10 15
PO, 0.10 10
B 1.0 x 1073 1.0
Na* 1.0 x 1072 10
Fe3* 1x1073 1.0
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TABLE 1-continued
Minimum Maximum
Concentration Concentration

Ton [mM] [mM]
EDTA 1x1073 1.0
Mn?* 1x1073 1.0
Zn?* 1x107™ 1.0
Co?* 0 1.0 x 107
cu?t 1x107° 1.0 x 1073
Mo?* 1x10™ 1.0 x 1073
I~ 0 1.0 x 1072
NiZ* 0 10 x 1072

Standard textbooks and treatises or scientific review
articles in the fields of botany and plant biology also include
descriptions and information enabling one of skill in the art
to compose a suitable basal medium from elemental com-
ponents that are listed in Table 1. This is to say that while
standard, well-known, and commercially-available basal
plant media are generally suitable in the presently described
compositions and methods, contemplated herein are altera-
tions and variations of such published and standard basal
media that are also known in the art to be likewise suitable
for this purpose.

Further, the base or basal media described herein option-
ally includes, in some embodiments, various medium addi-
tives at various concentrations known in the art. Such
additives include, for example, various components such as
vitamins, carbohydrates, buffers, amino acids, complex
organic ingredients, salts, and gelling agents.

Various publications in the art describe numerous con-
coctions or combinations of vitamins known to be support-
ive and generally helpful in the growth and maintenance of
various plant species. Such vitamin supplements include,
but are not limited to, Murashige and Skoog vitamins
(described above in Base Media: Standard Published Base
Media), Gamborg’s vitamins (described above), Erickson
(Eriksson, T., Physiol. Plant, 18:976-993, 1965), Chu N6
(described above), Schenck & Hildebrandt (described
above), Nitsch and Nitsch (Nitsch et al., Science, 163:85-87,
1969), Kao and Michayluk vitamins (Kao et al., Planta,
126:105-110, 1975), Staba Modified vitamins (Staba, Rec.
Adv. Phytochem., 2:80, 1969), Morel and Martin (Morel et
al., Comptes rendus hebdomadaires des seances de
I’ Academi d’agriculture de France, 41:472-475, 1955), and
Morel and Wettmore vitamin (Morel et al., Am. J. Bot,,
38:141-143, 1951) formulations. Such well-known formu-
lations are generally commercially available from numerous
commercial sources throughout the world.

General concentration ranges of the most common vita-
mins employed as basal media supplements are as follows:

Myo-Inositol (0 to 1000 mg/L.)

para-Aminobenzoic acid (PABA, 0 to 0.5 mg/L)

Calcium pantothenate (0 to 1 mg/L)

Chlorine chloride (0 to 1 mg/L)

Vitamin B, (0 to 0.02 mg/L)

D-biotin (0 to 1 mg/I)

Folic acid (0 to 5 mg/L)

Glycine (0 to 2 mg/L)

Ascorbic acid (0 to 500 mg/I)

Nicotinic acid (0 to 5 mg/L)

Pyridoxine HCI (0 to 1 mg/L)

Thiamine HCI (0 to 10 mg/L)

These concentration ranges are understood to be approxi-
mate and encompass deviations about the integers noted.
Other chemical components that are contemplated as supple-
ments to the basal media described herein include carbohy-
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drates. In some embodiments the carbohydrate is a simple
sugar, such as sucrose. In another embodiment the carbo-
hydrate is glucose. In another embodiment the carbohydrate
is fructose. In another embodiment the carbohydrate is
sorbitol. In a further embodiment, the carbohydrate is a
combination one of more of glucose, sorbitol, and fructose.

Other chemical components that are contemplated as
supplements to the basal media described herein include
various known salts as set forth in, for example, Table 1.

Other chemical components that are contemplated as
supplements to the basal medium described herein include
buffering agents. In some embodiments the buffering agent
is 2-(N-morpholino)ethanesulfonic Acid (MES). Generally,
the function of the additive buffering agent is to maintain a
stable buffer pH at approximately 5.6 to 5.8 and/or a pKa of
about 6.0 to 6.2. (See, Good et al., Biochem. 5(2):467-477,
1966).

Other basal medium additives contemplated herein
include various amino acids known to be beneficial to plant
growth. Such amino acids include, for example, one or more
of alanine, arginine, asparagine, aspartic acid, cysteine,
glutamic acid, glutamine, histidine, isoleucine, leucine,
lysine, methionine, serine, threonine, tryptophan, tyrosine,
and valine, and combinations thereof.

In one embodiment, the additive to the compositions
described herein include complex organic ingredients such
as peptone from meat or soy, coconut water (0 to about 25%
(w/w)), banana powder, tomato powder, pineapple powder,
activated charcoal (0 to about 2 g/L), and casein hydrolysate,
or combinations thereof.

It is also contemplated herein that in certain embodiments
the compositions described herein will be solid or in gel
form. The compositions are in one embodiment in powder
form. In another embodiment, the composition is sterile,
having been sterilized by autoclaving, filtering, or other
means known in the art and standard in the art for steriliza-
tion of such chemical compositions.

Thus, in one embodiment, the compositions further com-
prise at least one gelling agent. The gelling agent is, for
example, selected from the following: agar, or gellan gum,
xantham gum, guar gum, gum arabic, and carrageenan. In
one embodiment, the agar is from Gracilaria sp. or
Gelidium sp., or is Carrageenan Gelcarin GP812® (FMC
Corporation, Philadelphia, PA, US). In one embodiment the
gellan gum is generic, Gelzan (CP Kelco, Atlanta, GA, US),
Gelrite, Phytagel (MilliporeSigma, St Louis, MO, US), or
agargellan (PhytoTech Labs, Inc., Lenexa, KS, US).

Such additives are also known to be well-tolerated by
most plant species and able to be varied by Y2x, ¥3x, 2x, 3x
and the like. Such variations of these additives are also
contemplated herein as being compatible with the herein
described compositions and methods.

Cytokinins

The compositions for axillary shoot micropropagation
described herein include one or more cytokinins. The cyto-
kinin is present as a base, optionally including a ribose, and
optionally also includes a phosphate moiety. Non-limiting
examples of such cytokinins are provided in the list below.

In one embodiment, the cytokinin is a nucleobase. In one
embodiment, the nucleobase is one or more of: N°®-isopen-
tenyladenine (iP, 6-(3,3-dimethylallylaminopurine, CAS
No. 2365-40-4), trans-zeatin (tZ, 6-(E)-4-hydroxy-3-meth-
ylbut-2-enylaminopurine), meta-topolin (mT, 6-(3-hydroxy-
benzylaminopurine), dihydrozeatin riboside (DHR, 6-(4-
hydroxy-3-methylbutylaminopurine), cis-zeatin (cZ, 6-((Z)-
4-hydroxy-3-methylbut-2-enylaminopurine),
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N6-benzyladenosine (BA, 6-benzylaminopurine), and kine-
tin (Kin, 6-furfurylaminopurine).

In another embodiment, the cytokinin is a riboside. In one
embodiment, the riboside is selected from the non-limiting
list of one or more of: N°®-isopentenyladenosine (iPR, 6-(3,
3-dimethylallylamino)-9-f-D-ribofuranosylpurine), trans-
zeatin riboside (tZR, 6-((E)-4-hydroxy-3-methylbut-2-
enylamino)-9-f-D-ribofuranosylpurine), meta-topolin
riboside (mTR, 6-(3-hydroxybenzylamino)-9-b-D-ribofura-
nosylpurine), dihydrozeatin riboside (DHZR, 6-(4-hydroxy-
3-methylbutylamino)-9-p-D-ribofuranosylpurine), cis-
zeatin riboside (cZR, 6-((Z)-4-hydroxy-3-methylbut-2-
enylamino)-9-b-D-ribofuranosylpurine),
N6-benzyladenosine (BAR, 6-benzylamino-9-f3-D-ribofura-
nosylpurine), and kinetin riboside (KinR, 6-furfurylamino-
9-p-D-ribofuranosylpurine).

In a further embodiment, the cytokinin is a riboside-5'-
phosphate, which is selected from one or more of the
following non-limiting examples: N°-isopentenyladenosine-
5'-monophosphate (iPMP, 6-(3,3-dimethylallylamino)-9-b-
D-ribofuranosylpurine-5'-monophosphate disodium mono-
hydrate), trans-zeatin riboside-5'-monophosphate (tZMP,
6-((E)-4-hydroxy-3-methylbut-2-enylamino)-9-3-D-ribo-
furanosylpurine-5'-monophosphate disodium monohydrate),
meta-topolin riboside-5'-monophosphate (mTMP, 6-(3-hy-
droxybenzylamino)-9--D-ribofuranosylpurine-5'-mono-
phosphate disodium monohydrate), dihydrozeatin riboside-
5'-monophosphate (DZRMP, 6-(4-hydroxy-3-
methylbutylamino)-9-3-D-ribofuranosyl purine-5'-
monophosphate ~ disodium  monohydrate),  cis-zeatin
riboside-5'-monophosphate  (cZMP, 6-((Z)-4-hydroxy-3-
methylbut-2-enylamino)-9-3-D-ribofuranosylpurine-5'-
monophosphate disodium monohydrate), N6-benzyladenos-
ine-5"-monophosphate  (BAMP,  6-benzylamino-9-p-D-
ribofuranosylpurine-5'-monophosphate), and  kinetin
riboside-5'-monophosphate (KMP, 6-furfurylamino-9-f-D-
ribofuranosylpurine-5'-monophosphate).

The cytokinin included in the compositions described
herein include any one or more combinations of the cyto-
kinins described herein. In one particular embodiment, the
cytokinin is tZR. In another embodiment, the cytokinin is
iPR. In a further embodiment, the cytokinin is a mixture of
tZR and iPR.

The amount of cytokinin included in the composition will
vary depending on the exact species of Cannabaceae, and
sometimes the phenotype being grown and other factors. In
certain embodiments of the described compositions, the one
or more cytokinins are present in amounts of about 0.1 uM
to about 30 uM or from about 1.0 uM to about 3.0 uM. That
is, the cytokinin is present at anywhere from about 0.1 uM
to about 30 uM. In a particular embodiment, the cytokinin
total concentration present in the composition is from about
1.0 uM to about 3.0 uM. In certain embodiments, the
cytokinin total concentration in the compositions described
herein are from about 0.1 uM to 30 uM, about 0.5 uM to 25
uM, about 1.0 uM to 20 pM, about 1.5 uM to 15 uM, about
2.0 uM to 10 puM, about 2.5 uM to 5 uM, about 0.1 uM to
6 uM, about 0.2 uM to 5 uM, about 0.3 uM to 4.0 uM, about
0.4 uM to 3.0 uM, or from about 0.5 uM to about 2.0 uM.

More particularly, in a particular embodiment, the cyto-
kinin total concentration is about 0.5 mg/L. or about 2 mg/L,
(about 1.4 uM to about 5.6 uM). In one embodiment, the
cytokinin is tZR, which is present at from 0.5 to 2 mg/L.
(about 1.4 uM to about 5.6 uM) in the composition.
Gibberellins and Brassinolides

The compositions described herein comprise not only
basal plant media, but also one or more cytokinins along
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with one or more gibberellins or brassinolides. In one
embodiment, the composition comprises at least one gib-
berellin. In another embodiment, the composition comprises
at least one gibberellin and at least one brassinolide. In
another embodiment, the composition comprises at least one
brassinolide.

The gibberellins, as used herein, and as noted above,
contemplated to be suitable for use in the described com-
positions includes any one or more of the following non-
limiting examples: gibberellin A,, gibberellin A,, gibberel-
lin A, gibberellin A, gibberellin A,, gibberellic acid,
ent-gibberellane, ent-kaurene, and gibberellin A12. In one
embodiment, the composition comprises both gibberellin A,
and gibberellin A which are commonly commercially avail-
able together as a powder. In one embodiment, the gibber-
ellin is specifically and only gibberellic acid, or gibberellin
A,

The compositions described herein are contemplated also
optionally include one or more brassinolides. The compo-
sitions comprise either a brassinolide or a gibberellin, but in
some embodiments the composition includes species of both
genera of compounds.

Thus, in certain embodiments, the composition described
herein includes at least one brassinolide selected from one or
more of: 2,4-epi-brassinolide, 2,8-homo-brassionolide, and
2,4-epi-castasterone, for example. In one embodiment, the
composition comprises at least one brassinolide, wherein in
certain embodiments that brassinolide is 2,4-epi-brassino-
lide.

The gibberellins and/or brassinolides present in the
described compositions are present at various concentrations
and at various ratios with respect to cytokinin. For example,
it is contemplated herein that the one or more gibberellins
and/or brassinolides are present in an amount of about 0.1
UM to about 10 uM in the described compositions. Alterna-
tively, in some embodiments, the gibberellins and/or
brassinolides are present in an amount of about 0.1 uM to 9
uM, about 0.3 uM to 8 uM, about 0.5 uM to 7 uM, about 1.0
uM to 7.5 uM, about 1.5 uM to 6.0 uM, about 5.0 uM to 4.0
uM, about 0.25 uM to 7.0 uM, about 0.5 uM to 7.0 uM,
about 0.75 uM to 7.0 uM, about 5 uM to 7 uM, about 6.0 uM
to 7.0 uM, about 5.0 uM to 10 uM, or from about 1.0 uM to
about 7.0 uM. In a specific embodiment, the gibberellins
and/or brassinolides are present in an amount of about 6.8
uM.

In another embodiment, the one or more gibberellins
and/or brassinolides are present in an amount of about 0.5
mg/L to about 2.0 mg/L. (about 0.72 uM to about 5.8 uM) of
the composition. In one particular embodiment the compo-
sitions comprise at least gibberellic acid or 2,4-epi-brassino-
lide at a concentration of about 0.25 mg/L. to about 2.0 mg/L.
(about 0.72 uM to about 5.8 uM) of the composition.

Furthermore, various ratios of cytokinin concentration to
gibberellin and/or brassinolide concentrations are contem-
plated herein. When the composition comprises both a
cytokinin and a gibberellin, the ratio of concentrations
between the two components, in one embodiment, is 1:1. In
such an embodiment, the composition comprises at least tZR
and gibberellic acid at approximately a 1:1 ratio. In other
embodiments, the ratio between cytokinin:(gibberellin and/
or brassinolide) is 0.1:1, 0.2:1, 0.3:1, 0.4:1, 0.5:1, 0.6:1,
0.7:1, 0.8:1, 0.9:1, 1:0.1, 1:0.2, 1:0.3, 1:0.4, 1:0.5, 1:0.6,
1:0.7, 1:0.8, or 1:0.9. In some embodiments, the ratio of a)
cytokinin to b) gibberellin and/or brassinolide is between
50:1 and 1:50. In other embodiments, said ratio is from 40:1,
30:1, 20:1, 10:1, 1:1, 1:10, 1:20, 1:30, 1:40, and 1:50.
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Methods of Micropropagation

Provided herein are methods of propagating plants in the
Cannabaceae family. It is contemplated and expected herein
that the compositions and methods provided herein may be
useful in the propagation of other plant species, not just
including those of the Cannabaceae family. In one embodi-
ment, the plant species able to be propagated by the
described methods herein is Cannabis. In another embodi-
ment the species is Humulus. In one embodiment the plant
is hemp. Any member of the Cannabaceae family related to
Cannabis will likely greatly benefit from the methods
described herein due to similarities in physiological require-
ments for growth and propagation.

The methods described herein are necessarily a multi-step
process. The starting materials for the methods are varied.
Likewise, the species and family of the plant to be propa-
gated is variable. However, in one embodiment the plant
species is Cannabis.

In one embodiment the beginning material for the method
described herein is an excised shoot tip. The shoot tip in one
embodiment is excised from a grown, optionally vegetative
plant. In another embodiment, the shoot tip is from a
germinated seedling.

The various method steps include at least the following:
placing an excised shoot tip onto a cleansing medium,
growing the shoot tip on the cleansing medium to yield an
elongated shoot, removing the shoot from the cleansing
medium, sectioning aseptically the shoot into sections such
that each section comprises at least one node and optionally
at least one petiole, placing the section on growth medium,
and growing the section on the growth medium for at least
about 20 days. In such methods the cleansing medium
comprises a basal plant media comprising indetectable lev-
els of plant growth regulators and the growth medium
comprises: (i) basal plant medium, (ii) one or more cytoki-
nins, and (iii) one or more gibberellins and/or brassinolides.
Thus, the growth medium is identical and synonymous with
the compositions described hereinabove.

In such methods the section is performed by use of a
scalpel, and in one embodiment the section is entirely
performed aseptically to avoid any possibility of cross-
contamination with infectious agents. Such aseptic proce-
dures and equipment are known in the art and described in
the examples section, below. (See, Example 1).

Thus, the methods described herein generally require two
basic steps. First is the growth on cleaning medium to rid the
plantlet of any contaminating chemicals, PGRs, and the like
prior to stimulation to produce axillary shoots. It has been
found in experiments that this step is helpful. (See, e.g.,
Example 11). However, it is contemplated that at least in
some instances the cleansing step may not be absolutely
necessary to achieve multiplication of axillary shoots in this
plant family.

The multiplication generated in the indicated plant family
and species ranges anywhere from 2- to 4-fold the number
of nodes and axillary shoots generated as compared with
growth on basal plant media alone containing no added
cytokinin or gibberellins or brassinolides. In some embodi-
ments, the multiplication of nodes and axillary shoots is as
high as about 5-fold, about 6-fold, about 7-fold, about
8-fold, or even about 10-fold.

Thus, in one embodiment, the method also includes the
steps for germinating a seedling on basal media, and excis-
ing a shoot tip from the germinated seedling, wherein the
shoot tip comprises at least a cotyledon and a shoot apical
meristem. However, this step is considered optional since it
has been shown (below) that the single step of excising an
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ex vitro shoot tip from a grown plant in a vegetative state is
also suitable and generates similar remarkable results.

In general, the shoot tip is grown on the cleansing medium
for about 20 days. However, in another embodiment, the
shoot tip is grown on the cleansing medium for as many as
about 30 days. The shoot tip is grown on cleansing medium
in certain embodiments for as many as about 15, 16, 17, 18,
19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34,
35, 36, 37, 38, 39, or even about 40 days. In general, the
shoot tip is to be grown on the cleansing medium for about
15 days to about 35 days for optimal results in certain
species of plant.

In general, the section is grown on the growth medium,
i.e., the compositions described herein, for about 20 days.
However, in another embodiment, the section is grown on
the growth medium for as many as about 30 days. The
section is grown on growth medium in certain embodiments
for as many as about 15, 16, 17, 18, 19, 20, 21, 22, 23, 24,
25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, or
even about 40 days. In general, the section is to be grown on
the growth medium for about 15 to 35 days for optimal
results in certain species of plant.

Contemplated within the methods described herein is the
ability to subculture the yielded plants. In one embodiment,
the methods enable subculturing as many as about 2, 3, 4, 5,
6, 7, 8, 9, or even about 10 times. In one particular
embodiment, the method allows for at least four subcultures
to be achieved reproducibly. In one embodiment of subcul-
turing the species of plant is Cannabis.

Other details of the contemplated methods described
herein are described in the Examples provided below.

Further modifications and alternative embodiments of
various aspects of the methods and compositions described
herein will be apparent to those skilled in the art in view of
this description. Accordingly, this description is to be con-
strued as illustrative only and is for the purpose of teaching
those skilled in the art the general manner of carrying out the
disclosed methods and systems. It is to be understood that
the forms of the disclosed methods and systems shown and
described herein are to be taken as examples of embodi-
ments. Elements and materials may be substituted for those
illustrated and described herein, parts and processes may be
reversed, and certain features of the disclosed methods and
systems are capable of being utilized independently, all as
would be apparent to one skilled in the art after having the
benefit of this description of the disclosed methods and
systems. Changes may be made in the elements described
herein without departing from the spirit and scope of the
disclosed methods and systems as described in the following
claims.

All of the references cited above, as well as all references
cited herein, are incorporated herein by reference in their
entireties. The following examples are offered by way of
illustration and not by way of limitation.

EXAMPLES
Example 1: Plant Material and Germination

Materials: if not otherwise indicated, all reagents were
obtained from PhytoTech Labs, Inc., Lenexa, KS, US.
6-(y,y-dimethylallylamino)purine  riboside (iPR) was
obtained from Cayman Chemical, Ann Arbor, MI, US.
Dihydrozeatin riboside (dHZR) was obtained from Muse
Chem, Fairfield, NJ, US. Benzyladenine riboside (BAR) and
28 Homo brassinolide were obtained from Carbosynth,
Berkshire, UK. meta-Topolin riboside (mTR) was obtained
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from AmBeed, Arlington Heights, IL, US. Golden Kush
hemp seeds were obtained from Phytonyx, Ashland, OR,
US. Sundae Cake, Mandarin Cookies No. 1, and White
Shark No. 3 were from Nuleaf Sparks Cultivation, Inc., Las

Vegas, NV, US. 5

Golden Kush Lighting: 48 inch, two T8 fluorescent bulbs,
64 total watts, were from Lithonia Lighting, Conyers, GA,
US, and were mounted about 10 to 15 inches above the top
of the test tubes. The light intensity was approximately 50
pmol/m3s*.

Sundae Cake, Mandarin Cookies No. 1, and White Shark
No. 3 Lighting: RAZR2 LED arrays were obtained from
Fluence Bioengineering, Austin, TX, US and were mounted
approximately 6 to 8 inches above the containers. The light
intensity was approximately 25 to 30 umol/ms’ for Sundae
Cake, and 40 to 50 umol/m?s* for Mandarin Cookies No. 1,
and White Shark No. 3.

The photoperiod for both lighting regimes was about 16

hours on and about 8 hours off. All tissue culture was 20

performed at normal atmosphere at about 22° C. to about 26°
C. with approximately 35% to 50% relative humidity in
growth rooms. All growth occurred in capped culture tubes
to maintain sterile environments.

Disinfection: seeds were disinfected in a 10% (v/v) aque- 25

ous solution of CHLOROX® bleach (0.8% sodium hypo-
chlorite solution) also containing 0.12% (v/v) TWEEN® 20
for 15 minutes. The seeds were then washed five times with
autoclaved and distilled water. Seeds were then placed on 20

mL of gelled germination medium in 25 mmx150 mm 30

culture tubes. For germination, media including either %4x
MS (50% MS) basal medium, MS basal medium, DKW
basal medium, or DKWnh basal medium was used.

10

15

22

Vox MS basal medium was half-strength in MS macro-
and micro-nutrients plus Gamborg’s vitamins, sucrose as a
carbon source, and agar as a gelling agent. The pH was
adjusted to approximately 5.6 to 5.8 before autoclaving (for
further details of the medium composition, see Table 2,
below).

MS basal medium was full-strength in MS macro- and
micro-nutrients plus Gamborg’s vitamins, sucrose as a car-
bon source, and agar as a gelling agent. The pH was adjusted
to approximately 5.6 to 5.8 before autoclaving (for further
details of the medium composition, see Table 2 below).

DKW basal medium was full-strength DKW macro- and
micronutrients plus Gamborg’s vitamins, sucrose as a car-
bon source, and agar as a gelling agent. The pH was adjusted
to approximately 5.6 to 5.8 before autoclaving (for further
details of the medium composition, see Table 2 below).

DKWnh basal medium was a modified DKW basal
medium plus Gamborg’s vitamins, sucrose as a carbon
source, and agar as a gelling agent. The pH was adjusted to
approximately 5.6 to 5.8 before autoclaving (for further
details of the medium composition, see Table 2 below).

Excision: all plant tissue (nodes on shoot-tips) was
excised or cut aseptically at ambient temperature in an ISO
5 (class 100) laminar flow hood operating at a flow rate of
about 70 to 110 feet per minute using a sterilized scalpel.
Excised plant tissue was then transferred into 25 mmx150
mm glass or polycarbonate culture tubes containing gelled
media using sterile forceps or tweezers. Each tube was
covered individually with a polypropylene cap.

Germination: seeds were germinated under the growth
and lighting conditions described above. In general, 80% of
the seeds germinated on Y2x MS and MS and 60% on DKW
in 10 to 35 days. Germination on DKW was generally slower
with a lower germination efficiency

TABLE 2

Media Component Concentrations [mg/L]

Component 1/2XMS MS DKW 1/2XMSzrg MSzrg DKWzrg DKWiprg
Macroelements
KNO, 950 1900 0 950 1900 0 0
NH,NO, 825 1650 1416 825 1650 1416 1416
Ca(NO3), 0 0 1367 0 0 1367 1367
anhydrous
CaCl, anhydrous 166.1 3322 112.5 166.1 332.2 112.5 112.5
MgSO0, anhydrous 90.35 180.7 361.49 90.35 180.7 361.49 361.49
KH,PO, 85 170 265 85 170 265 265
X,80, 0 0 1559 0 0 1559 1559
Microelements
H;3BO,; 3.1 6.2 4.8 3.1 6.2 4.8 4.8
CuSO,4*5H,0 0.0125 0.025 0.25 0.0125 0.025 0.25 0.25
CoCl,*6H,0 0.0125 0.025 0 0.0125 0.025 0 0
Na,EDTA*2H,0O 18.63 37.26 45.4 18.63 37.26 45.4 45.4
FeSO,*7H,0 13.9 27.8 33.8 13.9 27.8 33.8 33.8
MnSO,*H,0 8.45 16.9 335 8.45 16.9 335 335
Na,MoO,*2H,0 0.125 0.25 0.39 0.125 0.25 0.39 0.39
NiSO,4*6H,0 0 0 0.005 0 0 0.005 0.005
K1 0415 0.83 0 0415 0.83 0 0
ZnSO,4°7H,0 4.3 8.6 0 4.3 8.6 0 0
ZnNO;*6H,0 0 0 17 0 0 17 17
Vitamins
myo-Inositol 100 100 100 100 100 100 100
Nicotinic Acid 1 1 1 1 1 1 1
Pyridoxine HCI 1 1 1 1 1 1 1
Thiamine HCI 10 10 10 10 10 10 10



US 12,201,075 B2

23 24
TABLE 2-continued

Media Component Concentrations [mg/L]

Plant Growth Regulators

trans-Zeatin 0 0 0 0.5 0.5 0.5 0

riboside

6-(y,y-Dimethyl- 0 0 0 0 0 0 0.5

allylamino) purine

riboside

Gibberellic acid 0 0 0 0.5 0.5 0.5 0.5
Carbohydrates

Sucrose 30 30 30 30 30 30 30

Gelling agents

Agar 7 7 7 7 7 7 7
DKWnh-
Component DKWdhzrg DKWtrepi DKWtzg DKW2zr2g DKWnh brg47
Macroelements
KNO, 0 0 0 0 600 600
NH,NO; 1416 1416 1416 1416 800 800
Ca(NO3), 1367 1367 1367 1367 1367 1367
anhydrous
CaCl, anhydrous 112.5 112.5 112.5 112.5 112.5 112.5
MgSO, 361.49 361.49 361.49 361.49 361.5 361.49
anhydrous
KH,PO, 265 265 265 265 265 265
X,80, 1559 1559 1559 1559 1300 1300
Microelements
H;3BO,; 4.8 4.8 4.8 4.8 4.8 4.8
CuSO,*5H,0 0.25 0.25 0.25 0.25 0.25 0.25
Na,EDTA*2H,0O 45.4 454 45.4 45.4 45.4 45.4
FeSO,*7H,0 33.8 33.8 33.8 33.8 33.8 33.8
MnSO,*H,0 335 335 335 335 335 335
Na,Mo0,*2H,0 0.39 0.39 0.39 0.39 0.39 0.39
NiSO,*6H,0 0.005 0.005 0.005 0.005 0 0
ZnNO;*6H,0 17 17 17 17 17 17
Vitamins
myo-Inositol 100 100 100 100 100 100
Nicotinic Acid 1 1 1 1 1 1
Pyridoxine HCI 1 1 1 1 1 1
Thiamine HCI 10 10 10 10 10 10

Plant Growth Regulators

trans-Zeatin 0 0 0.33 0 0 0
trans-Zeatin 0 0.5 0 2 0 0
riboside
dihydrozeatin 0.5 0 0 0 0 0
riboside
Benzyladenine 0 0 0 0 0 0.5
riboside
Gibberellic acid 0.5 0 0.5 2 0 0
(GAy)
Gibberellic acid 0 0 0 0 0 0.7
(GA, + GAy)
2,4 epi- 0 0.34 0 0 0 0
brassinolide

Carbohydrates
Sucrose 30 30 30 30 30 30

Gelling agents

Agar 7 7 7 7 7 7
DKWnh-
Component DKWnhzrg mtr28hb QL QLzrg DKWlzrlg
Macroelements
KNO, 600 600 1800 1800 0
NH,NO; 800 800 400 400 1416
Ca(NOj3), anhydrous 1367 1367 834 834 1367

CaCl, anhydrous 112.5 112.5 0 0 112.5
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Media Component Concentrations [mg/L]

MgSO, anhydrous 361.5 361.5 175.8 175.8 361.5
KH,PO, 265 265 270 270 265
K,80, 1300 1300 0 0 1559
Microelements
H;BO, 4.8 4.8 6.2 6.2 4.8
CoCl,*6H,0 0 0 0.025 0.025 0.25
CuSO,4*5H,0 0.25 0.25 0.025 0.025 0
Na,EDTA*2H,0 454 45.4 37.3 37.3 45.4
FeSO,*7H,O 33.8 33.8 27.8 27.8 33.8
MnSO,*H,0 33.5 33.5 0.76 0.76 33.5
Na,Mo0O,*2H,0 0.39 0.39 0.25 0.25 0.39
NiSO,4*6H,0 0 0 0 0 0.005
KI 0 0 0.08 0.08 0
ZnNO;*6H,0 17 17 0 0 0
ZnSO,4*7H,0 0 0 8.6 8.6 17
Vitamins
myo-Inositol 100 100 100 100 100
Nicotinic Acid 1 1 1 1 1
Pyridoxine HCI 1 1 1 1 1
Thiamine HCI 10 10 10 10 10
Plant Growth Regulators
trans-Zeatin riboside 0.5 0 0 0.5 1
Gibberellic acid (GA3) 0.5 0 0 0.5 1
meta-Topolin riboside 0 0.55 0 0 0
28 homobrassinolide 0 0.69 0 0 0
Carbohydrates
Sucrose 30 30 30 30 30
Gelling agents
Agar 7 7 7 7 7

Example 2: Culture Initiation of Seedling Shoot
Tips

In this example germinated seedling shoot tips of Golden
Kush were placed on a basal medium without PGRs to
reduce apical dominance and to aid in promoting axillary
bud formation.

Golden Kush seedlings were grown approximately 10 cm
to 13 cm in height (this height was achieved as early as 14
days under standard growth conditions detailed in Example
1) and the shoot tips were cut to a size of 1.0 cm in length
per piece of tissue that included the cotyledons and shoot
apical meristem. Each tissue was transferred to 20 mL of
fresh 2xMS, MS, or DKW gelled medium in a sterile
culture tube in a laminar flow hood. The shoot tip was placed
vertically into the medium with the cotyledon and shoot
apical meristem approximately 0.2 cm above the medium
surface. The seedling shoot tips were then placed in the
growth room at the conditions described in Example 1 for 30
days.

Typically, each shoot tip formed 2 to 3 acceptable nodes
that included one shoot apical meristem which was selected
for further subculture. Acceptable nodes were those tissues
that were at least about 1.0 cm in length and that included
at least one node. Occasionally, more than one node with
undeveloped leaves was present in the approx. 1.0 cm long
piece of tissue. These acceptable nodes were recorded at
subculture.

Results are shown in FIG. 2. This example shows the
importance of the use of cleansing medium to the formation
of axillary shoots (see Example 3, below), as initiation of
seedling shoot tips directly on plant growth media do not
form axillary shoots. For instance, as shown in FIG. 2A
(without cleaning), seedling shoot tips at day 0 and FIG. 2B
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(with cleansing), seedling shoot tips after 30 days of growth.
The apical dominance has been reduced as growth height
was reduced compared to growth during germination over a
similar period of time of growth, and internodes formed.

Example 3: Axillary Shoot Induction

This example focuses on determining whether PGRs in
media would promote axillary shoot formation.

Golden Kush nodes that were developed during the
growth of the seedling shoot tips for 30 days in Example 2
were cut under aseptic conditions in a laminar flow hood to
a length of at least 1.0 cm and the leaves removed by cutting
the petiole halfway between the leaf-blade and the stem.
Each node was placed on 20 mL of a gelled axillary shoot
formation medium in a sterile test tube. This medium was
either ¥2xMSzrg, MSzrg, or DKWzrg media. Basal media
including ¥2xMS, MS, or DKW were also used as negative
controls.

The xMSzrg medium was half-strength in MS macro-
and micro-nutrients plus Gamborg’s vitamins, sucrose as a
carbon source, trans-zeatin riboside as a cytokinin plant
growth regulator, gibberellic acid as a gibberellin plant
regulator, and agar as a gelling agent. The pH was adjusted
to 5.6 to 5.8 before autoclaving (for further details of the
medium composition see Table 2).

The MSzrg medium was full-strength in MS macro- and
micro-nutrients plus Gamborg’s vitamins, sucrose as a car-
bon source, trans-zeatin riboside as a cytokinin plant growth
regulator, gibberellic acid as a gibberellin plant regulator,
and agar as a gelling agent. The pH was adjusted to 5.6 to
5.8 before autoclaving (for further details of the medium
composition see Table 2).
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The DKWzrg medium was full strength DKW macro- and
micro-nutrients plus Gamborg’s vitamins, sucrose as a car-
bon source, trans-zeatin riboside (TZR) as a cytokinin plant
growth regulator, gibberellic acid as a gibberellin plant
regulator, and agar as a gelling agent. The pH was adjusted
to 5.6 to 5.8 before autoclaving (for further details of the
medium composition see Table 2).

Culture tubes containing the nodes were then placed in the
growth room at the conditions described in Example 1 for 32
days. Axillary buds were visible above each node at 5 to 10
days, with axillary shoots emerging at 10 to 20 days, and
nodes developing on each shoot at 20 to 30 days. (See, FIG.
3). Golden Kush nodes grown on DKWzrg medium at day
0 (FIG. 3A) and after 32 days (FIG. 3B) are shown in
triplicate samples. Nodes formed on the axillary shoots lead
to enhanced node multiplication and amplifies further micro-
propagation steps.

FIG. 4 shows the production of nodes on just DKW (no
PGRs) to demonstrate the reduced growth compared to FIG.
3 over the same 32-day growth period. FIG. 5 shows the
weighted average efficiency of nodes forming axillary
shoots as a percentage on: (A) DKW (black cross-pattern
bar) vs. DKWzrg (solid white bar), and (B) MS (black
stripped bar) and MSzrg (solid white bar). The efficiency,
E[%] is calculated as the number of axillary shoot-forming
plantlets, i.e., initiated nodes that form at least one axillary
shoot in addition to the stem, per total number of initiated
nodes in one experiment. Often following subculture, the
main stem will die and two axillary shoots will form. If only
one axillary shoot forms and the main stem dies, this is not
recorded as an axillary shoot-forming plantlet.

The weighted average of efficiency, wavgE[%)] was cal-
culated according to Formula 1:

n Formula 1
wavgE[%] = Z wE[%);

In Formula 1, w, is calculated as the total number of nodes
used in one experiment divided by the total number of
nodes, n in all replicates of that treatment. This weighted
average is necessary because the total number of nodes used
in an experiment rarely are the same. The error bars depicted
on FIG. 5A and FIG. 5B are plus or minus one weighted
average standard deviation, wavgSD, which was calculated
as shown in Formula 2:

Formula 2
Wi(E[%]; — wavgE1 %]

M=

i=1

wavgSD = N
N-DX w
i=1

N

In Formula 2, N is the total number of different experi-
ments being averaged with non-zero weights. DKWzrg
(FIG. 5A) and MSzrg (FIG. 5B), were statistically signifi-
cantly different on a 95% and 90% confidence interval,
respectively from their basal media according to the students
t-test. In general, 7 out of 10 plantlets formed axillary shoots
on DKWzrg and MSzrg media while the corresponding
basal media had only 2 to 3 plantlets out of 10 form axillary
shoots.

Table 3, below, shows that an average of 4.3+4/-1.4
acceptable nodes for further subculture were formed on
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DKWzrg, while only 1.7+/-0.6 acceptable nodes on DKW.
Values for the acceptable nodes were statistically signifi-
cantly different on a 99% confidence interval from according
to the students t-test. Importantly and surprisingly, for the
first time in this experiment, it was shown that the addition
of PGR to the DKW medium yielded an average of 2-fold
to 3-fold increase in axillary shoots per plantlet in just a
single culture interval of about 20 to 30 days. (See, Table 3).

FIG. 6 shows that culture in the presence of the cytokinin,
trans-zeatin riboside, and gibberellic acid enhanced the
number of acceptable nodes formed as a mixture over the
sum of nodes formed by each compound individually. As
basal media without plant growth regulators can form axil-
lary shoots and sustain nodal growth even at a lower degree,
the net number of nodes formed should be normalized to
remove this basal node production, Nbasal. The normalized
summation of nodes (net nodes) formed in the presence of
each compound individually, Nsum was calculated as shown
below in Formula 3.

Nsum = (Nc — Nbasal) + (Ng — Nbasal) Formula 3

Likewise, the number of nodes formed on basal media
was subtracted from the nodes formed in the presence of the
two compounds, Nc+g to obtain the net number of nodes
formed Nmix. FIG. 6A shows the nodes formed for:
Nbasal=DKW with a solid white bar, Nc=DKWzr with a
black-dotted pattern bar, Ng=DKWg with a black stripped
bar, and Nc+g=DKWzrg with a solid black bar. The DKWg
medium was DKWzrg without trans-zeatin riboside, and
DKWzr medium was DKWzrg without gibberellic acid.
FIG. 6B shows the net nodes formed of Nsum and Nmix.
The combination of the gibberellic acid and trans-zeatin
riboside as a mixture resulted in more net nodes than the sum
of' each components net nodes formed which demonstrates a
synergetic effect.

Example 4: Continued Axillary Shoot Formation
After Four Subcultures

The experiments in this example were aimed at determin-
ing whether the nodal explants generated above in Examples
2 and 3 can be repeatably sub-cultured with reproducible
results on media with PGRs, and thus establish long-term
cultures from the same lineage for amplified Cannabis
production. This example is therefore aimed at proving an
important requirement for commercial micropropagation,
specifically, maintaining sustained growth in culture over
repeated sub-culturing. This would allow for the consistent
multiplication of nodes via shoot production rather than
continually initiating ex vitro tissue or germinated seedling
shoot tips. If reproducible, this would represent a marked
step forward in Carnabis culturing and micropropagation as
compared with legacy approaches currently in use in the
marketplace.

Nodal Golden Kush explants, a minimum of about 1.0 cm
in length with leaves cut halfway on the petiole between the
leaf blade and stem, were continually sub-cultured onto 20
mL of fresh DK Wzrg medium. In another trial performed the
same as in Examples 2 and 3, above, a second sub-culture
produced new shoots after 25 days on fresh DKWuzrg
medium. The second subculture on DKWzrg medium was
22 days in duration under the same conditions, and likewise
a third, 30 day subculture on DKWzrg medium was com-
pleted under the same conditions (data not shown).
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Nodes from the third sub-culture were placed onto fresh
DKWzrg medium and grown for 31 days under the same
conditions. FIG. 7A shows a photograph of nodes cut from
shoots on the third subculture on DKWzrg at day 0, and FIG.
7B shows a photograph of axillary shoots that continued to
grow after 31 days. There was some yellowing of tissue
observed which suggests the medium may have non-optimal
basal nutrient concentrations. However, axillary shoot for-
mation continued despite the basal nutrients being suspected
of having non-optimal conditions. Table 3 provides the
observed results through four subcultures. The average
number of nodes formed are nominally equivalent to the
number of nodes induced with DKWzrg the first time. This
provides early and strong evidence that the described com-
positions and methods are suitable to enable commercial
micropropagation of plants within Cannabaceae.

TABLE 3
Average No. of Nodes formed (Golden Kush)

Average Standard
Medium No. Nodes Deviation
DKW 1.7 0.6
DKWzrg 4.3 1.4
DKWzr 3.4 1.1
DKWg 2.0 0.6
DKWzrg (thru 4 subcultures) 4.0 1.1
DKWiprg 4.6 2.1
DKWdhzrg (thru 2 subcultures) 5.0 2.1
DKWzrepi 2.8 1.5
DKWtzg 3.7 2.1
DKW2zr2g 9.0 1.7
DKWnh-brg47 5.4 2.3
DKWnh-mtr28hb 2.6 1.3
QLzrg 23 0.5
DKWlzrlg (thru 16-subcultures) 5.0 1.9

Example 5: Initiation of Ex Vitro Shoot Tips and
Axillary Shoot Formation

This example is aimed at determining whether excised ex
vitro shoot tips form axillary shoots after being placed on a
basal, e.g., cleansing, medium to reduce apical dominance
and to aid in breaking axillary bud dormancy.

Shoot tips from axillary (lateral) stems of Sundae Cake
that were 3 to 5 nodes down from the shoot apical meristem
on an ex vitro plant in a vegetative state were aseptically cut
off in at least 1.0 cm lengths in a laminar flow hood and the
leaves were removed by cutting the petiole halfway between
the leaf blade and stem.

These Sundae Cake shoot tips were disinfected with 10%
(v/v) aqueous solution of CHLOROX® bleach (0.8%
sodium hypochlorite solution) also containing 0.25% (v/v)
TWEEN® 20 for 10 minutes at room temperature. The
disinfectant solution was decanted off and a fresh disinfec-
tant solution was added to the shoot tips again for 10 minutes
at room temperature. The shoot tips were then rinsed with a
sterile antioxidant solution. The antioxidant solution was
autoclaved previous to the rinse and contained 0.15 g/L. of
citric acid and 0.1 g/L. of ascorbic acid in distilled water. The
shoot tips were then washed two times with autoclaved
distilled water at room temperature.

Each shoot tip was placed on 75 mL of gelled initiation
medium in a glass baby food jar with vented caps. The
initiation medium was a DKW medium containing full
strength DKW macro- and micronutrients plus Gamborg’s
vitamins, sucrose as a carbon source, and agar as a gelling
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agent. The pH was adjusted to 5.6 to 5.8 before autoclaving
(for further details of the medium composition see Table 2).
The shoot tips were then placed in the growth room for 30
days at the conditions described in Example 1.

Nodes on shoots during the growth of the excised shoot
tips for 30 days were cut to be at least 1.0 cm in length and
the leaves were removed by cutting the petiole halfway
between the leaf blade and stem. Each node was placed on
75 mL of a gelled axillary shoot formation medium in a glass
baby food jar with vented cap under aseptic conditions
(PhytoTech Labs, Lenexa, KS, US). The axillary shoot
formation medium in this example was DKWzrg medium.

The DKWzrg medium was full strength DKW macro- and
micro-nutrients plus Gamborg’s vitamins, sucrose as a car-
bon source, trans-zeatin riboside as a cytokinin plant growth
regulator, gibberellic acid as a gibberellin plant regulator,
and agar as a gelling agent. The pH was adjusted to 5.6 to
5.8 before autoclaving (for further details of the medium
composition see Table 2). The node cultures were then
placed in the growth room at the conditions described in
Example 1 for 13 days.

As shown in FIG. 8, multiple axillary shoots formed in 13
days. This demonstrates that excised ex vitro tissue can form
axillary shoots in the same manner as shown in Example 3.
This also demonstrates that axillary shoots can be formed in
culture for both seedling shoot tips and excised shoot tips
from ex vitro vegetative plants.

Example 6: Axillary Shoot Formation on
6-(y,y-Dimethylallylamino)purine Riboside

This example is aimed at determining whether another
cytokinin riboside, such as 6-(y,y-dimethylallylamino)purine
riboside (iPR), can promote formation of axillary shoots
when combined with gibberellic acid at the induction step,
as in Example 3. iPR is present naturally in a wide array of
plant species, and this example explores whether other
naturally-present cytokinin ribosides can achieve the same
effect as trans-zeatin riboside (tZR).

As described in Example 2, Golden Kush shoots contain-
ing nodes developed during the growth of the seedling shoot
tips for 30 days were aseptically cut to be at least 1.0 cm in
length and the leaves were removed by cutting the petiole
halfway between the leaf blade and stem. Each node was
placed on 20 mL of gelled axillary shoot formation medium
in a culture tube. This medium was DK Wiprg (see Table 2).

The DKWiprg medium was full strength DKW macro-
and micro-nutrients plus Gamborg’s vitamins, sucrose as a
carbon source, 6-(y,y-dimethylallylamino)purine riboside
(iPR) as a cytokinin plant growth regulator, gibberellic acid
as a gibberellin plant regulator, and agar as a gelling agent.
The pH was adjusted to 5.6 to 5.8 before autoclaving (for
further details of the medium composition see Table 2).

The Golden Kush nodes were then placed in the growth
room at the conditions described in Example 1 for 32 days.
FIG. 9A shows representative Golden Kush starting nodes at
day 0, while FIG. 9B shows the progression of growth of the
same plantlets after 32 days. Axillary shoots formed on
DKWiprg medium as was observed in Example 3. Approxi-
mately 4.6+/-2.1 acceptable nodes formed per plantlet ini-
tiated across this experiment. (See, Table 3). These data
demonstrate that cytokinin ribosides other than tZR, paired
with a gibberellin, also enhance axillary shoot formation.

Example 7: Axillary Shoot Formation on dHZR

This example is aimed at determining whether dihy-
drozeatin riboside (dHZR) can stimulate formation of axil-
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lary shoots in plantlets when it is combined with gibberellic
acid. dHZR is present naturally in a wide-array of plants and
this example, like Example 6, also explores whether other
naturally-present cytokinin ribosides can achieve the same
effect as observed with tZR. In this example, repeated
axillary shoot formation after PGR induction was also
investigated.

As described in Example 2, Golden Kush shoots consist-
ing of multiple nodes developed during the growth of the
seedling shoot tips for 30 days, were cut to be at least 1.0 cm
in length and the leaves were removed by cutting the petiole
halfway between the leaf blade and stem. Each node was
placed on 20 ml of a gelled axillary shoot formation
medium in a culture tube. This medium was DKWdhzrg.

The DKWdhzrg medium was full strength DKW macro-
and micro-nutrients plus Gamborg’s vitamins, sucrose as a
carbon source, dihydrozeatin riboside (dHZR) as a cytokinin
plant growth regulator, gibberellic acid as a gibberellin plant
regulator, and agar as a gelling agent. The pH was adjusted
to 5.6 to 5.8 before autoclaving (for further details of the
medium composition see Table 2).

As described in Examples 2 and 3, above, a second
sub-culture onto 20 mL of fresh, gelled DKWdhzrg medium
was carried out after 24 days on the first PGR induction. The
node cultures were then placed in the growth room at the
conditions described in Example 1 for 30 days. FIG. 10A
shows representative starting nodes on plantlets at day 0, and
in FIG. 10B the progression of growth after 30 days.
Axillary shoots formed on DKWdhzrg medium as was seen
in Example 3. Approximately 5.0+/-2.1 acceptable nodes
formed per plantlet initiated across this experiment provides
further evidence that cytokinin ribosides paired with a
gibberellin in the medium enhances multiplication of axil-
lary shoots. (See, Table 3).

Example 8: Axillary Shoot Formation with
Brassinolides

Brassinolides and gibberellins have been reported to share
similar biological functions in vivo. (See, Unterholzner et
al., Plant Cell, 27(8):2261-72, 2015). In recent years it has
been shown that brassinolides are involved in gibberellin
biosynthesis and metabolism. This example is therefore
aimed at determining whether a representative brassinolide,
such as 2,4 epibrassinolide, stimulates formation of axillary
shoot growth on plants when combined with trans-zeatin
riboside (tZR) at the PGR induction step.

As described in Example 2, Golden Kush developed
shoots with multiple nodes during the growth of the seedling
shoot tips for 30 days. These nodes were cut to be at least 1.0
cm in length and the leaves were removed by cutting the
petiole halfway between the leaf blade and stem. Each node
was placed on 20 mL of a gelled axillary shoot formation
medium in a culture tube. This was in DKWzrepi medium.

The DKWzrepi medium was full strength DKW macro-
and micro-nutrients plus Gamborg’s vitamins, sucrose as a
carbon source, trans-zeatin riboside (tZR) as a cytokinin
plant growth regulator, 2,4-epibrassinolide as a brassinolide
plant regulator, and agar as a gelling agent. The pH was
adjusted to 5.6 to 5.8 before autoclaving (for further details
of the medium composition see Table 2).

The nodes were then placed in the growth room at the
conditions described in Example 1 for 32 days. FIG. 11A
shows representative Golden Kush nodes at day 0, and FIG.
11B shows axillary shoot growth after 24 days in the
DKWzrepi medium. Axillary shoots formed on this medium
as also seen in Example 3. The number of nodes produced
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are shown in Table 3. This experiment demonstrates that
brassinolides can act as a replacement for gibberellins in the
PGR mixture and still stimulate production of axillary shoot
production.

Example 9: Axillary Shoot Formation with a
Cytokinin Base

Cytokinin bases, such trans-zeatin are the chemically
active structural form of the cytokinin that binds to subcel-
Iular receptors and induces signal transduction to produce
biological effects that are attributed to cytokinins, e.g.,
increase cell division, delay senescence, and promote axil-
lary shoots. This example is therefore aimed at determining
whether trans-zeatin as a cytokinin base at an equimolar
concentration to trans-zeatin riboside in Example 3 can
similarly trigger formation of axillary shoots when com-
bined with gibberellic acid at the PGR induction step.

As described in Example 2, Golden Kush shoots includ-
ing nodes developed during the growth of the seedling shoot
tips for 30 days were cut to be at least 1.0 cm in length and
the leaves were removed by cutting the petiole halfway
between the leaf blade and stem. Each node was placed on
20 mL of a gelled axillary shoot formation medium in a
culture tube. This was in DKWtzg medium.

The DKWtzg medium was full strength DKW macro- and
micro-nutrients plus Gamborg’s vitamins, sucrose as a car-
bon source, trans-zeatin (tZ) as a cytokinin plant growth
regulator, gibberellic acid as a gibberellin plant regulator,
and agar as a gelling agent. The pH was adjusted to 5.6 to
5.8 before autoclaving (for further details of the medium
composition see Table 2).

The Golden Kush nodes in culture tubes were then placed
in the growth room at the conditions described in Example
1 for 32 days. FIG. 12A shows a photograph of a represen-
tative Golden Kush starting node at day 0, and FIG. 12B
shows a photograph of representative plant material after 32
days. Once again, axillary shoots formed on DKWtz
medium as observed in Example 3, and the quantity of nodes
produced is reflected in Table 3. This experiment therefore
conclusively demonstrates that the cytokinin bases paired
with gibberellin in the PGR mixture produce axillary shoots
for further micropropagation.

Example 10: Axillary Shoot Formation at Higher
tZR and GA; Concentrations

This example is aimed at determining whether trans-
zeatin riboside and GA; at higher concentrations can
enhance the number of axillary shoots compared to Example
3.

As described in Example 2, Golden Kush shoots devel-
oped comprising nodes during the growth of the seedling
shoot tips for 30 days were cut to be at least 1.0 cm in length
and the leaves were removed by cutting the petiole halfway
between the leaf blade and stem. Each node was placed on
20 mL of a gelled axillary shoot formation medium in a
culture tube. The medium was DKW2zr2g.

The DKW2z7r2g medium was full strength DKW macro-
and micro-nutrients plus Gamborg’s vitamins, sucrose as a
carbon source, trans-zeatin riboside (tZR) as a cytokinin
plant growth regulator, gibberellic acid as a gibberellin plant
regulator, and agar as a gelling agent. The pH was adjusted
to 5.6 to 5.8 before autoclaving (for further details of the
medium composition see Table 2).

The Golden Kush nodes in culture tubes were then placed
in the growth room at the conditions described in Example
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1 for 31 days. FIG. 13A shows a photograph of a represen-
tative starting node at day 0, and FIG. 13B shows a photo-
graph of the progression of growth from the same node after
27 days. Axillary shoots formed on DKW2zr2g medium
most surprisingly created twice as many nodes (9.0+/-1.7
nodes formed) as observed in Example 3. (See also, Table 3).

This experiment demonstrates that increasing the cytoki-
nin riboside and gibberellin concentration in the PGR mix-
ture markedly enhances axillary shoot formation, and ulti-
mately increases the number of nodes produced that was
available for further micropropagation.

Example 11: Exposure to Cleansing Media Prior to
PGR Induction

This example is aimed at determining the impact of
cleansing medium without PGRs prior to induction of for-
mation and growth of axillary shoots in Cannabis with
cytokinins and gibberellic acid and/or brassinolide. In this
example, Golden Kush-germinated seedling shoot tips were
inoculated directly onto a medium containing trans-zeatin
riboside and gibberellic acid with no initial cleansing step,
as in Example 2. Thus, essentially this experiment is aimed
at determining if axillary shoot formation can occur when
the procedure outlined in Example 2 is skipped.

As described in Example 2, seedling shoot tips were cut
to a size of 1.0 cm in length per piece of tissue. These
trimmings included the cotyledons and the shoot apical
meristem. Each shoot tip was placed on 20 mL of a gelled
axillary shoot formation medium in a culture tube. This
medium was DKWzrg.

The DKWzrg medium was full strength DKW macro- and
micro-nutrients plus Gamborg’s vitamins, sucrose as a car-
bon source, trans-zeatin riboside as a cytokinin plant growth
regulator, gibberellic acid as a gibberellin plant regulator,
and agar as a gelling agent. The pH was adjusted to 5.6 to
5.8 before autoclaving (for further details of the medium
composition see Table 2).

The Golden Kush nodes in culture tubes were then placed
in the growth room at the conditions described in Example
1 for 31 days. Representative starting nodes at day 0 are
shown in FIG. 14A, and FIG. 14B shows a photograph of the
progression of growth of the same axillary shoots after 31
days.

As is readily apparent from FIGS. 14A and 14B, axillary
shoots were not formed in a robust manner on DKWzrg
medium when the cleansing step was skipped. These data
demonstrate that growth on a cleansing medium for some
time period prior to inducing shoots with the combination of
PGRs, trans-zeatin riboside, and gibberellic acid, is benefi-
cial to aiding formation of axillary shoots from a single
node.

Example 12: Impact of Apical Dominance on
Successive Subcultures on Cleansing Media

This example investigated whether a cleansing medium,
DKW, containing no added PGRs, could reduce apical
dominance in Golden Kush tissue during successive subcul-
tures from a seedling to sectioned nodes.

Golden Kush seedlings were grown to approximately 10
cm to 13 cm in height for 19 days, as detailed in Example
1, and the shoot tips were then cut to a size of about 1.0 cm
in length per piece of tissue that included the cotyledons and
shoot apical meristem. Each shoot tip was transferred to 20
ml of gelled DKW basal medium contained in a sterile
culture tube in a laminar flow hood. Each shoot tip was
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placed vertically into the medium with the cotyledon and
shoot apical meristem approximately 0.2 cm above the
medium surface. The Golden Kush seedling shoot tips in
culture tubes were then placed in the growth room at the
conditions described in Example 1 for 31 days.

DKW basal medium included full-strength DKW macro-
and micronutrients plus Gamborg’s vitamins, sucrose as a
carbon source, and agar as a gelling agent. The pH was
adjusted to approximately 5.6 to 5.8 before autoclaving (for
further details of the medium composition, see Table 2).

Shoots comprising multiple nodes developed during the
growth of the seedling shoot tips for 31 days. The nodes
were cut to be at least 1.0 cm in length and the leaves were
removed by cutting the petiole halfway between the leaf
blade and stem. Each node was placed on fresh 20 mL of
DKW gelled basal medium in a culture tube. The nodes were
then placed in the growth room at the conditions described
in Example 1 for 32 days.

FIG. 15 shows the successive reduction in plant height of
a representative seedling phenotype, A9, transferred to
cleansing medium two times. FIG. 15A shows a represen-
tative seedling phenotype denoted A9 after 19 days of
germination. The strong apical dominance is noted in this
seedling as evidenced by the fact that there are no leaf
junctions formed and that the shoot tip reached the top of the
test tube. FIG. 15B shows the reduction in total plantlet
height after the seedling shoot tip was cultured for 31 days
on DKW. A further reduction in total plant height after 32
days is depicted in FIG. 15C, which shows a photograph of
a representative node sectioned from the grown seedling
shoot tip from FIG. 15B. Example 11 shows that in the
absence of the cleansing medium treatment, the seedling
failed to generate axillary shoots when initiating seedling
shoot tips directly on DKWzrg. This example provides
evidence that the cleansing media step reduces apical domi-
nance and possibly encourages breaking axillary bud dor-
mancy.

Example 13: Axillary Shoot Formation on
Benzyladenine Riboside and Gibberellin

This example is aimed at determining whether another
representative cytokinin riboside, such as benzyladenine
riboside (BAR), can promote formation of axillary shoots
when combined with gibberellins GA ,+GA, at the induction
step, as in Example 3. This example explores whether
synthetic cytokinin ribosides can achieve the same effect as
the natural cytokinin trans-zeatin riboside (tZR).

As described in Example 2, Golden Kush nodes devel-
oped during the growth of the seedling shoot tips for 30 days
were aseptically cut to be at least 1.0 cm in length and the
leaves were removed by cutting the petiole halfway between
the leaf blade and stem. Each Golden Kush node was placed
on 20 mL of a gelled axillary shoot formation medium in a
culture tube. This medium was DKWnh-brg47. (See, Table
2).

The DKWnh-brgd7 medium contained modified-DKW
macro- and micro-nutrients plus Gamborg’s vitamins,
sucrose, benzyladenine riboside (BAR) as a cytokinin plant
growth regulator, gibberellins GA,+GA, as a gibberellin
plant regulator, and agar as a gelling agent. The pH was
adjusted to 5.6 to 5.8 before autoclaving (for further details
of the medium composition see Table 2).

The nodes in culture tubes were then placed in the growth
room at the conditions described in Example 1 for 28 days.
FIG. 16A shows a photograph of representative starting
nodes at day 0, and FIG. 16B shows a photograph of the
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progression of growth of the same plantlets after 28 days.
Axillary shoots formed on DKWnh-brgd7 medium as was
observed in Example 3. Approximately 5.4+/-2.3 acceptable
nodes formed per plantlet initiated across this experiment.
(See, Table 3). These data demonstrate that a synthetic
cytokinin riboside, paired with a gibberellin, also enhances
multiplication of nodes with axillary shoots for further
micropropagation.

Example 14: Axillary Shoot Formation in
28-Homobrassinolide and Cytokinin Riboside

This example is aimed at determining whether another
representative cytokinin riboside, such as meta-topolin ribo-
side (mTR), can promote formation of axillary shoots when
combined with an alternate brassinolide, 28-homobrassino-
lide, as in Example 8.

As described in Example 2, Golden Kush nodes devel-
oped during the growth of the seedling shoot tips for 30 days
were aseptically cut to be at least 1.0 cm in length and the
leaves were removed by cutting the petiole halfway between
the leaf blade and stem. Each node was placed on 20 mL of
a gelled axillary shoot formation medium in a culture tube.
This medium was DKWnh-mtr28hb. (See, Table 2).

The DKWnh-mtr28hb medium contained modified-DKW
macro- and micro-nutrients plus Gamborg’s vitamins,
sucrose as a carbon source, meta-topolin riboside (mTR) as
a cytokinin plant growth regulator, 28-homobrassinolide as
a brassinolide plant regulator, and agar as a gelling agent.
The pH was adjusted to 5.6 to 5.8 before autoclaving (for
further details of the medium composition see Table 2).

The nodes in culture tubes were then placed in the growth
room at the conditions described in Example 1 for 28 days.
FIG. 17A shows a photograph of representative starting
nodes at day 0, and FIG. 17B shows a photograph of the
progression of growth of an axillary shoot after 28 days.
Axillary shoots formed on DKWnh-mtr28hb medium, as
was also observed in Example 3. Approximately 2.6+/-1.3
acceptable nodes formed per plantlet initiated across this
experiment. (See, Table 3). This experiment demonstrates
that alternative brassinolides act as functional replacements
for gibberellins in the PGR mixture and stimulate production
of axillary shoots for further micropropagation.

Example 15: Initiation of Ex Vitro Shoot Tips and
Axillary Shoot Formation

This example is aimed at determining whether another
Cannabis variety of excised ex vitro shoot tips (Mandarin
Cookies) can form axillary shoots after being placed on a
basal medium to reduce apical dominance and to aid in
promoting axillary bud formation.

As described in Example 2 and Example 5, Mandarin
Cookies nodes developed during the growth of the ex vitro
shoot tips for 30 days were aseptically cut at least 1.0 cm in
length and the leaves were removed by cutting the petiole
halfway between the leaf blade and stem. Each node was
placed on 75 mL of a gelled initiation medium in a glass
baby food jar with vented caps. This medium was
DKWnhzrg (see Table 2).

The DKWnhzrg medium was modified-DKW macro- and
micro-nutrients plus Gamborg’s vitamins, sucrose as a car-
bon source, trans-zeatin riboside as a cytokinin plant growth
regulator, gibberellic acid as a gibberellin plant regulator,
and agar as a gelling agent. The pH was adjusted to 5.6 to
5.8 before autoclaving (for further details of the medium
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composition see Table 2). The nodes were then placed in the
growth room at the conditions described in Example 1 for 19
days.

As shown in FIG. 18, multiple axillary shoots formed in
19 days. This confirms that other varieties of excised ex vitro
tissue form axillary shoots in the same manner as shown in
Example 5. These data also provide further evidence that
axillary shoots are formed in culture from ex vitro vegetative
shoot tips as those from seedling shoot tips.

Example 16: Axillary Shoot Induction on Quoirin
and Lepoivre

This example demonstrates a broader range of medium
nutrient concentrations over which cytokinin ribosides and
gibberellins/brassinolides induce axillary shoots in Canna-
baceae. Quoirin and Lepoivre is a basal salt mixture com-
prising relatively higher calcium levels. (See, Quoirin, M.
and Lepoivre, P., Acta Hortic., 78:437-442, 1977).

As described in Example 2, Golden Kush nodes, devel-
oped during the growth of the seedling shoot tips for 30
days, were aseptically cut to be at least 1.0 cm in length and
the leaves were removed by cutting the petiole halfway
between the leaf blade and stem. Each node was placed on
20 mL of a gelled axillary shoot formation medium in a
culture tube. This medium was QLzrg. (See, Table 2).

The QLzrg medium contained Quoirin and Lepoivre
macro- and micro-nutrients plus Gamborg’s vitamins,
sucrose as a carbon source, trans-Zeatin riboside (tZR) as a
cytokinin plant growth regulator, gibberellic acid as a gib-
berellin plant regulator, and agar as a gelling agent. The pH
was adjusted to 5.6 to 5.8 before autoclaving (for further
details of the medium composition see Table 2).

The nodes in culture tubes were then placed in the growth
room at the conditions described in Example 1 for 29 days.
FIG. 19A shows a photograph of representative starting
nodes at day 0, and FIG. 19B shows a photograph of the
progression of growth of the same plantlet after 29 days.
Axillary shoots formed on QLzrg medium as was observed
in Example 3. Approximately 2.3+/-0.5 acceptable nodes
formed per plantlet initiated in this experiment. (See, Table
3). This experiment demonstrates that alternative plant tis-
sue culture media formulations function equally as well with
cytokinin ribosides and gibberellins or brassinolides in
stimulating production of axillary shoots.

Example 17: Initiation of Ex Vitro Shoot Tips and
Axillary Shoot Formation

This example is aimed at determining whether another
Cannabis variety, White Shark, introduced to culture from
ex vitro shoot tips can form axillary shoots over repeated
subcultures.

White Shark nodes developed during the growth of the ex
vitro shoot tips for 28 days were aseptically cut to be at least
1.0 cm in length and the leaves were removed by cutting the
petiole halfway between the leaf blade and stem, as
described in Example 2 and Example 5. Each node was
placed on 75 mL of a gelled initiation medium in a glass
baby food jar with vented caps. This medium was
DKWlzrlg.

The DKW1zrlg medium was full strength DKW macro-
and micro-nutrients plus Gamborg’s vitamins, sucrose,
trans-zeatin riboside as a cytokinin plant growth regulator,
gibberellic acid as a gibberellin plant regulator, and agar as
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a gelling agent. The pH was adjusted to 5.6 to 5.8 before
autoclaving (for further details of the medium composition
see Table 2).

White Shark shoots containing multiple nodes from
shoots grown on DKW 1zrlg were repeatedly sub-cultured
over 5 months, as described in Example 4. The time on
media between subcultures was 27 days to 29 days. Nodes
from White Shark No. 3 shoots grown on DKW could only
be sub-cultured 3 times due to lack of elongation. Internodal
spacing decreased successively after each subculture on
DKW.

Nodes cut from tissue that had been sub-cultured on
DKW1zrlg medium were then placed in the growth room at
the conditions described in Example 1 for 28 days. FIG. 20A
shows a photograph of representative starting nodes at day
0, and FIG. 20B shows a photograph of the progression of
growth of the same plantlets after 28 days.

FIG. 20B also shows the nodes initially formed from
axillary shoots after 6 subcultures on medium containing
trans-zeatin riboside and gibberellic acid. The average plant-
let generated 3.3 nodes after 28 days. These data demon-
strate that combination of cytokinin ribosides and gibberel-
lins supports the repeated subcultures of multiple varieties of
Cannabaceae, both from seedling shoot-tip and ex vitro
donor plants.

Example 18: Long-Term Maintenance in
Multiplication Phase

This example shows that the combination of cytokinin
ribosides and gibberellins can support nodes being main-
tained for more than 1 year and 5 months on PGR-containing
media. This example also shows that cytokinin riboside and
gibberellin concentrations can be increased and enhance
node production.

As described in Example 4 and Example 17, Golden Kush
nodes from shoots grown on DKWzrg were repeatedly
sub-cultured over the course of 1 year (1 subculture on
cleansing medium with 11 subcultures on DKWzrg
medium). The time on media between subcultures was 22
days to 34 days over the course of 11 months.

Nodes from shoots produced during the 11? subculture on
DKWzrg were cut and half were continued on DKWzrg
medium, and half were placed on DKWlzrlg medium.
Shoots were grown and nodes sub-cultured on each medium
for 5 more subcultures. Nodes on each medium were sub-
cultured on the same days, and the time on media ranged
from was 27 to 33 days over the course of 5 months.

Nodes from Golden Kush plantlets grown on DKW could
only be sub-cultured 5 times due to lack of elongation.
Internodal spacing decreased successively after each sub-
culture on DKW. Nodes cut from shoots that had been
sub-cultured on DKWzrg medium were then placed on
DKW1zrlg (See Table 2) medium in the growth room at the
conditions described in Example 1 for 27 days. FIG. 21A
shows representative starting node at day 0, while FIG. 21B
depicts the progression of shoot growth of the same plantlet
after 19 days.

Shoots generated an average of 5.0+/-1.9 nodes after 27
days on DKW1zrlg after 16 subcultures on PGRs. Table 4,
below, shows that there was slight enhancement of nodal
production on DKW1zrlg over DKWzrg during 5 subcul-
tures. These data demonstrate that the combination of cyto-
kinin ribosides and gibberellins supports repeated subcul-
tures for about 17 months, and that boosting the
concentration provides improvement in node production.
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TABLE 4

Golden Kush Node Production

DKWzrg DKWlzrlg
Medium Standard Standard
Subculture Average Deviation Average Deviation
No. on No. of No. No. of No.
PGRs Nodes Nodes Nodes Nodes
12 3.9 0.8 4.6 0.9
13 3.3 0.7 4.4 0.5
14 3.9 0.6 4.8 0.8
15 3.8 0.8 5.4 1.7
16 4.1 0.7 5.0 1.9

The breadth and scope of the present disclosure should
not be limited by any of the above-described exemplary
embodiments, but should be defined only in accordance with
the following claims and their equivalents. That is, the above
examples are included to demonstrate various exemplary
embodiments of the described methods and systems. It will
be appreciated by those of skill in the art that the techniques
disclosed in the examples represent techniques discovered
by the inventor to function well in the practice of the
described methods and compositions, and thus can be con-
sidered to constitute optional or exemplary modes for its
practice. However, those of skill in the art will, in light of the
present disclosure, appreciate that many changes can be
made in these specific embodiments that are disclosed and
still obtain a like or similar result without departing from the
spirit and scope of the described methods and compositions.

What is claimed is:
1. A composition comprising a plant tissue from a Can-
nabaceae plant and a sterile culture medium comprising:

(1) a basal plant medium, wherein the basal plant medium
is Driver Kuniyaki Walnut (DKW) medium,

(i1) one or more ribosides selected from 6-(3,3-dimethyl-
allylamino)-9-0-D-ribofuranosylpurine (iPR), 6-((E)-
4-hydroxy-3-methylbut-2-enylamino)-9-0-D-ribofura-

nosylpurine (tZR), and 6-(4-hydroxy-3-
methylbutylamino)-9-O-D-ribofuranosylpurine
(DHZR), and

(iii) gibberellic acid A3,

wherein the culture medium is essentially free of auxins,

wherein the culture medium stimulates axillary shoot

growth of Cannabaceae grown in a sterile tissue culture
to a greater extent than Cannabaceae grown in the
sterile tissue culture without the culture medium, and
wherein the culture medium stimulates axillary shoot
growth of Cannabaceae grown in the sterile tissue
culture to a greater extent than DKW medium.

2. The composition of claim 1, wherein the composition
further comprises one or more brassinolides.

3. The composition of claim 1, wherein the culture
medium stimulates axillary shoot growth of Cannabaceae
grown in sterile tissue culture at a rate of approximately 1.5
nodes or more per month more than Cannabaceae grown in
sterile tissue culture without the culture medium.

4. The composition of claim 1, wherein the one or more
ribosides are present in a concentration of from 0.1 uM to
6.0 uM.

5. The composition of claim 1, wherein the one or more
ribosides is iPR or tZR.

6. The composition of claim 1, wherein the culture
medium stimulates axillary shoot growth of Cannabaceae
grown in sterile tissue culture at a rate of approximately 2.8
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nodes or more per month more than Cannabaceae grown in
sterile tissue culture without the culture medium.

7. The composition of claim 1, wherein the one or more
ribosides are present in a concentration of from 0.1 uM to 30
uM.

8. The composition of claim 1, wherein the gibberellic
acid A3 is present in a concentration of from 0.1 uM to 9.0
uM.

9. The composition of claim 2, wherein the one or more
brassinolides are one or more of 2,4-epi-brassinolide, 2,8-
homo-brassionolide, and 2,4-epi-castasterone.

10. The composition of claim 1, wherein the culture
medium further comprises one or more of: vitamins, carbo-
hydrates, buffers, amino acids, complex organic ingredients,
salts, and gelling agents.

11. The composition of claim 1, wherein the culture
medium further comprises a gelling agent that is one or more
of agar, gellan gum, xantham gum, guar gum, gum arabic,
agargellan, and carrageenan.

12. A plant tissue culture comprising a plant tissue excised
from a Cannabaceae plant and a culture medium;

wherein the culture medium is a sterile composition
comprising:

(1) a basal plant medium, wherein the basal plant medium
is Driver Kuniyaki Walnut (DKW) medium,

(ii) one or more ribosides, wherein the one or more
ribosides is selected from 6-(3,3-dimethylallylamino)-
9-p-D-ribofuranosylpurine (iPR), 6-((E)-4-hydroxy-3-
methylbut-2-enylamino)-9-f-D-ribofuranosylpurine
(tZR), and 6-(4-hydroxy-3-methylbutylamino)-9-f-D-
ribofuranosylpurine (DHZR), and

(iii) gibberellic acid A,

wherein the gibberellic acid A; is present in the compo-
sition in a concentration of from 0.5 uM to about 7.0
uM or from about 1.0 uM to about 7.5 uM

wherein the composition stimulates axillary shoot growth
of Cannabaceae grown in the tissue culture to a greater
extent than Cannabaceae grown in sterile tissue culture
without the composition.

13. The plant tissue culture of claim 12,

wherein the basal plant medium further comprises one or
more of the following components:

Mg?* at a concentration of from about 0.10 mM to about
10 mM;

SO, at a concentration of from about 0.1 mM to about
15 mM;

Ca* at a concentration of from about 0.1 mM to about 10
mM;

K* at a concentration of from about 1 mM to about 40
mM;
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PO,>" at a concentration of from about 0.1 mM to about
10 mM;

iron at a concentration of from about 1x10> mM to about
1.0 mM; and

EDTA at a concentration of from about 1x10™> mM to
about 1 mM.

14. The plant tissue culture of claim 12, further compris-

ing:

(iv) one or more brassinolides.

15. The plant tissue culture of claim 12, wherein the
riboside is iPR or tZR.

16. The plant tissue culture of claim 12, wherein the
gibberellic acid A; is present in the composition in a con-
centration of from about 1.0 uM to about 7.5 uM.

17. The composition of claim 1, wherein the culture
medium is a gelled composition comprising DKW, tZR,
water, and gibberellic acid A;.

18. A plant tissue culture comprising a plant tissue from
a Cannabaceae plant and a sterile gelled Cannabaceae
growth composition comprising Driver Kuniyaki Walnut
(DKW) medium, and the following:

(2)-6-(3,3-dimethylallylamino)-9-(3-D-ribofuranosylpu-
rine (iPR),

(b) 6-(4-hydroxy-3-methylbutylamino)-9-(3-D-ribofura-
nosylpurine (DHZR),

(c) gibberellic acid A;, and (d) 2,4-epi-brassinolide,

wherein the gelled composition is essentially free of
auxins; and

wherein the gelled composition stimulates axillary shoot
growth of the plant tissue to a greater extent than the
Cannabaceae plant grown in the tissue culture without
the composition.

19. A composition, comprising a plant tissue from a
Cannabaceae plant and a gelled sterile culture medium
comprising:

(a) Driver Kuniyaki Walnut (DKW) medium and at least
one of 6-(3,3-dimethylallylamino)-9-(3-D-ribofurano-
sylpurine (iPR), and 6-(4-hydroxy-3-methylbuty-
lamino)-9-(3-D-ribofuranosylpurine (DHZR),

(b) one or more of vitamins, carbohydrates, buffers, amino
acids, salts, and gelling agents,

(c) gibberellic acid, and

(d) water,

wherein the gelled sterile culture medium has a pH of
about 5.6 to 5.8 and comprises no auxins, and

wherein the gelled sterile culture medium stimulates
axillary shoot growth of Cannabaceae grown in a tissue
culture to a greater extent than Cannabaceae grown in
the sterile tissue culture without the culture medium.
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